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Abstract 
  
 
A dam is an obstacle built across a river or a lake to hold backwater. The reservoirs that 
form behind them are used to store water and for four major functions: Water supply, 
hydropower, flood control and new tourist attraction. A dam sure can perform more than 
one of these functions. 
 
The construction of a dam project is complex and depends on a number of factors such 
as geological condition, country demand and cost effort by nation and environmental 
impact. 
 
Concrete faced rockfill dams (CFRD) have been widely used for multi-purposes over the 
world. The construction of CFRD involves placing the higher-grade rock at the dam 
core, and compacting them to their maximum strength. A reinforced concrete slab is then 
constructed at the upstream face of the dam. The concrete face will transfer the water 
pressure to the rocks and finally to the dam foundation. 
 
First part of the project is carried out a comprehensive study involved detail studying of 
CFRD project before a new project can be initiated. The research will cover the literature 
review, geological investigation, civil and structural design principal, construction 
method and structural behavior. 
 
The second part is a case study Bakun Dam project in Malaysia. Base on upon the 
finding investigates, review the potential of Bakun Dam in Malaysia. 
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CHAPTER 1: 
 INTRODUCTION 
 
 
1.1 Introduction 
 
Dams can be defined as a watertight structure that is build across a river and to create a 
reservoir at the upstream of the dam. Dam is a permanent structure, which have to 
stable under all loading conditions. They are requirement to resistance the hydrostatic 
pressures on its upstream face and possible uplift due to it. The construction of a dam 
must therefore be carried out to the highest quality control standards. 
 
Dam can consist by difference type of materials such as earth, earth and rock, rock 
filling and concrete. Choice of dam type is depended on site geology; hydrology and 
topography but a final choice should not be made until a thorough investigation 
followed by comparative cost estimation.  
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1.2 Concrete dam 
 
Concrete dam was required edges abutment and a good foundation condition which to 
consist a 3 fix points and 1 fee end structure. Abutments and foundation have to 
resistance high stress zone as shown in Figure 1.1. Concrete dams are complex 
structural and have to use higher design technology and construction method to meet a 
target of zero cracks and zero deflection. Concrete dam is design as one body structural, 
once the strength is fail, the dam is difficult to do maintenance and finally the dam will 
be collapse.  
 
 
Figure 1.1: Concrete dam foundation and abutment (Blyth & Freitas 1986, p.247) 
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1.3 Concrete faced rockfill dam 
 
CFRD dam are characteristics of good permeability and the slope required for their 
stability, even if the leakage become large, the dam would not easy collapse. CFRD has 
a broad base and imposes lower stresses on the ground compare to concrete dams for 
similar in height. Their fill is plastic and can accommodate deformations, such as 
settlement. CFRD structures are considered safer compare with concrete dam, 
especially in seismic area.  
 
In addition, rockfill dams are easy to get a construction site because of they are not 
required extremity good foundation condition. Therefore, dam builders can choice a 
narrow river to build up the dam. Rockfill dams are more flexible and economical to 
meet the size of reservoir and hydropower required, better geophysical and 
environmental control.  
 
 
Figure 1.2: Typical structure of CFRD  
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To build up a reservoir, a project may be constructed one or more than one number of 
dams. Figure 1.3 as below is shown that a reservoir is built up by few numbers of dams. 
A concrete dam is forced to build on a widely river to meet the foundation condition 
requirement. A CFRD dam is built longitudinal along the river to prevent river 
diversion flow. 
 
 
Figure 1.3: A reservoir is consisted by few numbers of dams. 
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CHAPTER 2 
LITERATURE REVIEW 
 
 
2.1 Dams and Development 
 
Dams have been built since thousand years ago; there are more than 45, 000 large dams 
around the world. China is the world’s most “dammed” country with around 22, 000 
large dams. United Stated comes second with around 6, 575 large dams and followed by 
India and Japan (Patkar 2000, p.8). 
 
The majority of large dams are built for irrigation and almost all the giant major dams 
are built for hydropower. Dams generate one-fifth of electricity in the world. Dams also 
provide flood control, water supply to cities and can assist river navigation. Many dams 
are multipurpose, providing two or more of the above benefits. Study has show that by 
year 2025, the demand for clean water is far higher than supply, there will be a total 3.5 
billion of people living in water-stressed countries and 2 billion of people will be lack 
of electricity supplies. Figure 2.1 as below shown that the demand of dams in the world.  
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Figure 2.1: World population of dams, by country (Patkar 2000, p.8). 
 
 
During 20th century, more than a million of people died due to dam failed. Dam may be 
failed due to human error such as under designed, collapsed, overtopped; or disaster 
caused by earthquake or burst during a massive typhoon. Therefore, site investigation 
and monitoring are very important during and after a dam construction. 
 
There are two main reasons for dam failures are overtopping is around 40% and 
foundation problem is around 30%. Embankment dams, which make up about four-
fifths of the world’s dams, are most vulnerable to being washed away which water 
flows over their crest. Usually, a number of interrelate reasons why any particular dam 
collapses (McCully 1987, p.3).  
 
A dam may failure by overtopped, it was because of the inadequate capacity of its 
spillways to discharge floodwaters, spillway blockage with flood-borne debris and 
spillway gates being opened in time or incorrect predictions of the size of flood entering 
the reservoir. Internal erosion (piping) caused by leaks through the core of a dam can 
also cause it to slump and be overtopped. 
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Dam incidents were cause human disasters and money invested in the project will be 
wasted. Statistical investigations of dam failures have been made evaluating the origin 
of such incidents. From previous records, number of dams failures were caused by 
insufficient investigations and misinterpretation of geological and hydrological 
conditions. Table 2.1 are recorded cause of dam failure, people killed and cost of 
damage.  
 
Table 2.1: Recorded dams failures since 1860, which have killed more than 10 people 
(McCully 1987, p.4) 
 
Dam Country Type Height 
(m) 
Year 
Completed 
Year 
Failed 
Cause of 
Failure 
People 
Killed 
Cost of 
Damage 
Dale Dyke 
(Bradfield) 
England E 29 1985 1864 SF 2501 £0.5m 
Iruhaike Japan E 28 1633 1868 OT >10002  
Mill River MS, USA E 13 1865 1874 SF 143 >S1m 
El Habra # Algeria R 36  1881 OT 209  
Valparaiso Chile E 17  1888 SF >100  
South Fork 
(Johnstown) 
PA, USA E 22 1853 1889 OT 2209  
Walnut Grove AZ, USA R 34 1888 1890 OT 150  
Bouzey France G 15 1881 1895 SF 1501  
Austin PA, USA G 15 1909 1911 SF 80  
Lower Otay CA, USA R 40 1897 1916 OT 30  
Bila Desna Czecho-
slovakia 
E 17 1915 1916 OT 65  
Tigra India G 24 1917 1917 SF >10002  
Gleno Italy M/G 44 1923 1923 SF 600  
Eigiau  
Coedty $
Wales G 
E 
11 1908 
1924 
1925 PI 
OT 
16  
St Francis CA, USA A 62 1926 1928 SF 450  
Alla Sclla 
Zerbino 
Italy G 12 1923 1935 OT >100  
Vega dc Terra 
(Ribadelage) 
Spain B 34 1957 1959 SF 145  
Malpasset 
(Frejus) 
France A 61 1954 1959 F 421  
Oros Brazil E 54 Consl 1960 OT C.1000  
Babiil Yar Ukraine E   1961 OT 145  
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Panshet 
Khadakwasla$
India E 
R 
54 
42 
Consl 
1879 
1961 SF/ OT 
OT 
>10002  
Hyokiri S. Korea    1961  250  
Kuala Lumpur Malaysia    1961  600  
Vaiont Italy A 261 1960 1963 OT 2600  
Qucbrada la 
Chape 
Colombia    1963  250  
Swift MT, USA    1964  193  
Zgoriggrad 
(Vratza) 
Bulgaria Ta 12  1966 OT >96  
Nanaksagar India E 16 1962 1967 SF/ OT C.100  
Sempor Indonesia R 54 Consl 1967 SF/ OT C.200  
Frias Argentina R 15 1940 1970 OT >42  
Buffalo Creek WV, USA Ta 32 Consl 1972 OT 125 S30- 
50m3 
Canyon Lake SD, USA E 6 1938 1972 OT 237* S60m 
Banqian 
Shimantan 60 
others 
China E  Late 1950s 1975 OT <=230,0
004
 
Teton ID, USA E 90 1976 1976 SF 11-14 S400m-
S1bn 
Laurel Run PA, USA    1977  393 S20-
45ma 
Kelly Barnes- 
ToccoaFalls 
GA, USA E 13 1899 1977 SF 393  
Machhu II India E 26 1972 1979 OT >2000 S15- 
Mcrops 
Gopinatham India   1980 1981 OT 475  
Tous Spain R 77 1980 1982 OT >206  
Stava Italy Ta  1960s 1985  2697  
Kantalai Sri Lanka R 15 1952 1986 PI <=828  
Sargazon Tadjik-
istan 
 23 1980 1987  >199  
Belei Romania E 18 1962 1991 OT C.4810  
Gouhou China R 71 1987 1993 PI 34211 S18m 
Tirlyan Russia E 10 <1917 1994 OT 19-3712 Rbls- 
40bn 
Virginia No.15 S. Africa Ta 47  1994  3913 S15m 
Lake Backshear 
Project Flint 
River Dam 
GA, USA E 
E 
<15 
<15 
 1994 OT 
OT 
1514  
N/A Philippines N/A N/A N/A 1995 N/A C.3015  
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Symbols identification for Table 2.1 are shown as below: 
 
a) Dam Type:  E = Cartfill R = Rockfill G = Gravity M = Multi-arch
   B = Buttress A = Arch Ta = Taillings dam 
 
b) Cause of Failure: OT = Overtopping PI = Piping SF = Structural failure 
F = Geological/ Foundation weakness 
 
c) * =  Unable to distinguish dam breaks fatalities with those caused by 
‘natural’ flood 
 
d) # = El Habra first failed in 1872 without loss of life. It was then 
rebuilt, failed again in 1881, rebuilt again, then failed again in 
1972 (without fatalities) and was then abandoned. 
 
e) $ = The flood from the collapse of the first dam breached the second 
dam downstream. 
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2.2 Definition and History of Rockfill Dams 
 
Many of the early dams in the world were made of concrete. This was because the large 
earth moving equipment was not developed at that time and the technology of rock and 
rock-fill embankments was not properly understood. The constructions of rockfill dams 
are only started in 18th century. The first rockfill dam was built in 1850’s in California, 
America, followed by English who consist of a 24m high rockfill dam. Consequently, 
rockfill dams with a face of timber or concrete was developed (Douglas G. 2000, p.1). 
 
In 1940’s CFDR beginning to emerge and earth core rockfill dams was started to 
develop. Both types of dam have become popular because of development of large earth 
moving equipment in 1945 (Douglas G. 2000, p.1). But it almost abandoned in the 
1950s mostly due to uncontrollable settlement caused by the poor roller equipment. 
With the application of vibrating rollers, another period of CFRD appeared and it 
developed fast in the 1970s. The progresses of this type of dam very fast in Australia 
and South America that is more than 20 dams under construction (Pan & He 2000, 
p.17). 
 
Significant advances in the design and construction of dams have been achievement 
nowadays. The highest CFRD in the world is achieving to a high of 160m that is Foz do 
Areia Dam in Brazil. The highest CFRD in Australia is Reece Dam in Tasmania and 
was completed in 1986 (Antill & Rya 1988, p.408). World new record for highest 
CFRD is Shuibuya in China with 232m high; it is under design and will be start in 2000 
(Pan & He 2000, p.17). The world’s second highest CFRD is 205m Bakun Dam in 
Malaysia and are expect completed in September 2007. 
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Table 2.2: World's highest CFRD (MTC 2002, p.7) 
 
Name of Dam Country Year Of Completion Height (meter) 
Aguamilpa Mexico 1993 187 
Tianshengqiao China 1997 180 
Foz deAreia Brazil 1980 160 
Xingo Brazil 1994 150 
Salvajina Colombia 1983 148 
Segredo Brazil 1991 145 
Alto Anchicaya Colombia 1974 140 
Chuza Colombia 1978 135 
Messochora Greece 1994 135 
Koman Albania 1986 133 
New Exchequer USA 1966 130 
Golillas Colombia 1978 130 
Khao Laem Thailand 1984 130 
Shiroro Nigeria 1984 130 
Cirata Indonesia 1987 125 
Reece Australia 1986 122 
Neveri Venezuela 1981 115 
Paradela Portugal 1958 110 
Rama Yugoslavia 1967 110 
Cethana Australia 1971 110 
Batang Ai, Sarawak Malaysia 1985 110 
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Table 2.3: Australia's highest CFRD (Register of large dams in Australia, 2002) 
 
Name of Dam State Year Of Completion Height (metre) 
Reece Tas 1986 112 
Centhana Tas 1971 110 
Murchison Tas 1982 93 
Sugarloaf Vic 1980 89 
Pindari Nsw 1969 85 
Crotty Tas 1990 83 
Mangrove Creek Nsw 1982 80 
Mackintosh Tas 1981 75 
Bastyan Tas 1983 75 
Glennies Creek Nsw 1983 67 
Split Rock Nsw 1987 66 
Boondooma Qld 1983 64 
Kangaroo Creek Sa 1969 63 
Teemburra Qld 1997 56 
Borumba Qld 1964 53 
Little Para Sa 1977 53 
Lyell Nsw 1982 51 
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2.3 Types of Rockfill Dams 
 
There are few benefits of construct a rockfill dams; these included the followings: 
• It is economical due to the use of cheap local materials; 
• It is suitable where the foundation conditions are not good, especially where high 
hydrostatic uplift is likely to be a factor in design; 
• It is a rapid construction because of its adaptability to bad weather and not require 
spend long time for concrete setting and curing; 
• It is good leakage control. 
 
The type and size of dam are dependent upon the geology, hydrology and topography of 
the site. Furthermore, the construction materials which are readily obtainable. Rockfill 
dams are essentially of following types: 
 
a) Composite Earth and Rockfill 
Earth core is one of the watertightness material are used in membrane zone. This can be 
placed in central, sloping or upstream of a rockfill dam which shown in Figure 2.2, 
Figure 2.3 and Figure 2.4. 
   
    
  
Figure 2.2: Central earth core. 
 
Figure 2.3: Sloping earth core. 
Figure 2.4: Upstream core. 
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b) Rock with Thin Membrane 
This membrane can be either steel sheet pile or composite material that is shown in 
Figure 2.5 
 
 
 
Figure 2.5: Central thin membrane. 
 
 
c) Faced or Impervious  Membrane Type 
An impervious membrane for water tightness was placed on the upstream slope. 
Concrete faced is most widely used for rockfill dams, followed by bitumen, asphalt, 
wood, steel, dry rubble masonry or stone masonry. Figure 2.6 and Figure 2.7 shown that 
the concrete faced rockfill dams. 
 
 
 
 
Figure 2.6: CFRD (Black line represents concrete or bitumen face) 
 
 
 
 
Figure 2.7: Reece Dam in Tasmania, Australia largest CFRD 
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CHAPTER 3  
SITE INVESTIGATION 
 
 
3.1 Introduction 
 
Site investigation is the first phase and also is the most important to start a million 
dollars of project. Once the design engineer get it right, then as a result the design life 
up to 100 of years or more. Vice verse, if the designer gets it wrong, then money 
invested in the project will be wasted. Therefore, decisions making for a reservoir size 
and dam position are directly to influence the dam future stability, lifetime and 
environmental issue.  
 
Design and build CFRD requires accurate information on the ability of the site to 
support the initial estimation loads and on the properties of the materials to be used in 
construction. The character of the foundation soil and rock are a major factor 
influencing the selection location of a dam and choice the types of dam to build. 
Accurate data on the foundation conditions and on the nature of the proposed materials 
for embankment construction must be very complete, because even what appear to be 
small defects in a site can have a great influence on the performance of the structure. 
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During the preliminary design phase, field investigation, laboratory and office studies 
are accumulated for an evaluation of project feasibility at one or several sites and for an 
estimate of project costs. Once this phase is completed and the type and locations of the 
dam and appurtenant works selected, further and more detailed studies are necessary to 
complete design. These studies are designed to fill specific gaps in the information 
available on subsurface conditions and to define to a greater extent the engineering 
properties of the proposed embankment materials.  
 
 
3.2 General Considerations 
 
• Geological conditions for the location and construction of CFRD body, foundation, 
spillways etc. 
• Long and short term stream flow estimation. Usually, dams were design to be 
capable of 1 in 500 year and for a largest dam, withstanding up to 1 in 1000-year 
flood. In typhoon countries, certain dams are design up to 1 in 2000 years. 
• Local materials availability for dam construction and whether they are suitable for 
construction of the dam itself or for other infrastructures. 
• Degree of permeability of the rock formation on which the dam is to be placed, 
which may affect hydrostatic uplift pressures and the degree of grouting necessary 
to control these. A deep grout curtain of closely spaced holes filled with water-
cement grout is usually provided under the dam to curb water percolation beneath it 
and thus reduce hydrostatic uplift forces. 
• Planning for river diversion to occur while the dam is being constructed. This may 
be achieved by cutting a temporary channel, which passes through the dam site itself 
or the installation of large pipes under the dam. 
• For hydroelectric, dam has to provision water intake structures and pumping stations 
for water supply and water-inlets, penstocks and the power station. 
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• An Environmental Impact Study of the short and long term effects of the proposed 
reservoir and the construction operations on the region. This embraces the 
aesthetics, plant and animal ecology, fish preservation and public amenity of the 
reservoir and downstream reaches as well as noise and dust hazards in construction 
and the effects of the dam on the regional microclimate. Whilst engineers are often 
accused of damaging a region, but many beautiful lakes, picnic and camping spots 
have been created and made accessible through the construction of suitably located 
dams. Local ecology may in fact have been improved through the provision of these 
reservoirs, not the mention the control of downstream flooding (Sullivan 2003, 
p.9.10). 
 
 
3.3 Surface Investigations 
 
Morphology is the form and structure of the surface of the earth and is another criterion 
to select a dam site. For CFRD the criterion is restricted to finding the most appropriate 
location among several choices. This is because CFRD do not demand special 
conditions of abutment stability or of valley size, vice versa concrete dam does. 
 
Topography of the dam site and of the reservoir area is a matter of geodetic survey. 
Aerial photographs contain much of the information on the available topographic and 
geological maps and show a variety of additional features, in part because of the 
generally larger scale. Stereo pairs are particularly helpful to provide broad coverage of 
land forms, including landslides, surface drainage, rock and soil outcrops and major 
structural features such as folds or faults. 
 
A more accurate surface survey is often made only at the time when the dam location 
has been selected. After removal of all vegetation a small change of the previously 
selected dam location may then be advisable. Figure 3.1 as below shown that a good 
symmetrical valley which initially topographically ideal conditions for a 155m high 
Kenyir rockfill dam in Malaysia. 
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Figure 3.1: Well-shaped valley, almost symmetrical  
 
 
Figure 3.2: Graphical presentation of discontinuities (Kutzner 1997, p.22) 
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3.4 Sub-surface Investigations 
 
Geological investigations precede all major engineering projects that involve excavation 
or construction on natural materials. The cost of geological investigations vary 
enormously dependent on the nature of the project, the local complexity of the geology 
and difficulties encountered. Typical geological investigation costs for dam project are 
between 1.0% to 3.0 % of overall project cost. In general, geological investigations 
should proceed until the conditions are known well enough for civil engineering work 
to proceed. Doubling the geological investigation budget may only add an additional 
1% to the project budget but unforeseen geological problems can easily add over 10% 
to costs (Kutzner 1997, p.17). 
 
Site investigation involves exploring the ground conditions at and below the surface, it 
is a prerequisite for the successful and economic design of engineering structures and 
earthworks. When designing a geological investigation program the range of possible 
problems should be considered. The most common difficult ground conditions 
encountered in construction projects are: 
• Soft and variable unconsolidated material; 
• Weathered, weak or fractured bedrock; 
• Natural or artificial cavities; 
• Active or potential slope failure; 
• Compressive landfill; 
• Groundwater level or flow rate, 
• High seismic areas. 
 
Investigation the will not be finished when constructions site is started. Experienced 
designers know the unpleasant situation that parameters required for the design work 
are no available in time. Typically, work has to be continued using estimated data to 
avoid any laboratory work delay or unexpected results requiring additional 
investigations. 
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Figure 3.3: High-pressure grout curtain in the foundation (Antill & Easton 1998, p.256) 
 
 
 
Figure 3.4: Poor strata structure 
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3.4.1 Strata Drilling Methods 
 
Subsurface explorations usually consisting of a series of drill holes. There are a wide 
variety of drilling techniques that differ in terms of their mode of penetration, depth of 
investigation and the type of sample recovered. The spacing of geotechnical drill holes 
and their depth depends on the nature of the project and the complexity of the geology. 
Drilling is expensive and sites should be chosen carefully to maximize the benefit of the 
information recorded. There are separate methods of drilling, which are: 
 
a) Percussion drilling 
Percussion or cable drilling involves repeated dropping of a sharp cylindrical cutting 
tool down the drill hole. Casing is driven down the hole close behind the cutting tool. 
This method works well for sampling soft clay-rich sediments that may be difficult to 
sample with other methods. But it is ineffective in coarse-grained sediments or in 
bedrock material. 
         
 
Figure 3.5: Percussion drilling machine (Tuck 2004, p.3.7). 
 
 
 
 21
A Study on Concrete Faced Rockfill Dams  Chapter 3: Site Investigation 
 
 
b) Augers 
Auger rigs can be used to obtain samples from near surface soft materials (to a 
maximum depth around 20 m). Cuttings are removed from the hole mechanically by the 
spiral action of the drill string. Hollow flight augers allow collection of more intact 
material that resembles drill core. Augers cannot penetrate bedrock and are also stopped 
by large boulders. 
 
c) Bucket augers 
Bucket augers allow excavation of very large holes and collection of large samples. 
Holes up to 1 m in diameter can be drilled in unconsolidated or weathered material. 
Geologists or engineers can be lowered into these large holes to directly observe and 
measure geological features such as slip planes, faults or joints. 
 
d) Rotary drilling 
Rotary drills break up the rock by shearing or hammering action. Fine drill cuttings are 
carried to the surface by a fluid (air, water or drilling mud). Rotary systems can be 
normal or reverse circulation. Reverse circulation generally gives less sample 
contamination. Rotary drills can penetrate unconsolidated materials and bedrock but 
return only rock fragments. 
11Fishtail type drag bit
Figure 3.6: Rotary drilling machine (Tuck 2004, p.3.14). 
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e) Diamond drilling 
Diamond drilling used a diamond impregnated cylindrical cutting tool on the end of the 
rod string to cut cylindrical rock samples. Mineral exploration drill cores are typically 
45 mm in diameter. Larger diameter cores (62 – 110mm) are usually preferred for 
geotechnical assessments because of better core recovery and the fact that important 
structural features such as faults and fracture zones are more readily identified.  
 
 
 
Figure 3.7: Side view of diamond bit (Tuck 2004, p.3.29). 
 
 
From above drilling techniques example, we only interest in rock; therefore we can 
choose rotary drilling or diamond drilling techniques. The drill holes are located for the 
most part within the limits of the rockfill dam foundation area and around the spillways, 
powerhouse and other major works. However, other locations are often selected to 
provide specific information on such features as groundwater conditions, fault zones, 
buried channels and other features of a similar nature. Cone penetration tests (either 
static or dynamic) can give, depending on the nature of the soil; useful information and 
they are cheap and quickly performed. 
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3.4.2 Geophysical Investigations 
 
There are a number of physical methods of determining geological conditions and rock 
and soil mechanical data. In simply word, geophysical methods provide an indirect 
evaluation of certain underground conditions, which is often valuable in the later phases 
of the reconnaissance investigations and also helpful in supplementing the exploratory 
work. Several geophysical procedures have been developed; all of which measure some 
force pattern in the earth. The force pattern may be natural as in the case of the earth’s 
gravitational and magnetic fields, or artificial as in the case of seismic and electrical 
resistivity methods. 
 
There are 7 general geophysical methods, which are: 
• Gravity reductions, 
• Magnetic surveys, 
• Electrical methods, 
• Eletromagnetic methods, 
• Ground penetrating radar, 
• Resistivity methods, 
• Refraction seismic methods, 
Refraction seismic and resistivity methods have proved the most useful for dam site and 
other civil engineering investigations. 
 
a) Refraction seismic methods 
In between refraction seismic and resistivity methods, the most common method is a 
seismic refraction method to identify boundaries between features of different physical 
properties. The seismic refraction method is based on the principle that elastic waves, 
such as those produced by small explosions or loud sounds travel at different velocities 
in different materials. The higher modulus of elasticity mean that the higher density of 
medium soil or rock. 
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Table 3.1: Velocities of propagation of longitudinal elastic waves in m/s (Kutzner 1997, 
p.26) 
 
Reference Medium Velocity of 
propagation 
1 Sandstone, strongly 
jointed 
Sandstone, Jointed  
Claystone, dolomite 
340 to 440 
  700 to 1100 
2000 to 2050 
2 Air 
Water 
Sand  
Residual soil 
Sandstone 
Limestone, dolomite 
Granite 
Gabbro 
Peridotite 
                   330 
1400 to 1500 
  300 to 1500 
  300 to 1500 
1500 to 4300 
4000 to 4500 
5800 to 6300 
6400 to 7600 
7800 to 8400 
3 Sand, moist 
Clay 
Loess 
Sandstone 
Limestone 
Dolomite 
Granite 
Diabase 
Basalt 
Babbro 
Gneiss 
Phyllite 
  300 to 1800 
  770 to 1900 
  770 to 2100 
  970 to 5300 
1600 to 6300 
3200 to 7000 
4250 to 6200 
6250 to 6850 
5000 to 6400 
5100 to 6800 
3700 to 6000 
1700 to 5000 
4 Gravelly, sandy soils 
- above ground water 
table 
- below ground water 
table 
 
                 1000 
               >1400 
 
References:  
1. Militzer et al. (1978) 
2. Kretzke (1969) 
3. Militzer & Weber (1987), mainly laboratory results 
4. Heitfeld (1991) 
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b) Resistivity methods 
This classical electrical technique normally uses four electrodes; two as part of a current 
circuit and two as part of a voltage circuit. Certain geometrical relationships between 
the electrodes must be maintained and there are several common patterns. The electrode 
arrays may be used in two ways: either to produce a sounding or a profile.  
 
i) Profile 
In the profile application the chosen array is held fixed and all four electrodes move the 
same distance between each observations. An area may be traversed in this way. 
Profiling enables any lateral variations in resistivity to be determined. These may be 
related to weathering, fracturing or change in lithology. 
 
ii) Sounding 
In the sounding application the center of the array is held fixed but the spacing between 
the electrodes is expanded between observations. This forces a greater depth of current 
penetration with each setting and enables a vertical function to be assembled. Soundings 
should be observed at a site before choice of the array size for a traverse is made since it 
is necessary to ensure that the current is reaching the unit or depths, which are the target 
or the survey. Sounding enables vertical variations to be assessed and the depth of such 
variations to be determined. 
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3.4.3 Ground Water Investigation 
 
The groundwater table and pressure are important data for a dam foundations and 
abutments design consideration. The rise in groundwater table away from the river is 
significant with respect to potential leakage from the future reservoir. In addition, the 
stability of abutment slopes and potential settlements of foundations upon first filling 
are directly related to the position and nature of the existing groundwater table. Changes 
as a result of first filling are also important to consider, such as the effects of an upward 
readjustment of the regional groundwater table on the stability of reservoir slopes. 
 
Groundwater observations are made during the drilling operations as well as afterwards. 
The degree of permeability of bedrock formations and other deposits is often obtained 
in a qualitative sense from pumping tests wherein the drill hole is bailed out and the rate 
at which the water level returns to a static condition observed. In addition, observations 
of the groundwater level in a number of piezometers placed correctly in drill holes are 
usually made over a period of time to record fluctuations with the seasons or to observe 
relationships with the rise and fall of river levels. This method will discuss details in 
chapter 6 structural behavior. 
 
Contours of the groundwater levels may be drawn which reveal the characteristics of 
flow toward the valley. At times such contours may reveal subsurface anomalies 
caused, for example, by faults or by intrusive bodies. In some cases sensitive velocity 
meters are lowered down the hole to detect zones and directions of inflow and outflow. 
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3.4.4 Earthquake Hazards Investigation 
 
Earthquakes are the most serious disaster to influence dam stability. Ground motion 
during earthquakes can be divided into two categories: 
• Ground movement along a fault which crosses the axis of the dam, and 
• Dam to support a huge reservoir that is caused earthquake. 
 
There are some typical methods to measure and prevent earthquake hazards are: 
• Evaluation of regional geology, 
• Location and evaluation of faults (faults are located by literature review), 
• Evaluation of seismic (cataloging and plotting of historic seismic), 
• Monitoring program (Install and put into effect a monitoring program to detect 
ongoing crustal deformation and seismic activity within a project area). 
 
Table 3.2 as below is shown that the most of high dams are avoid built in a high seismic 
area. 
 
Table 3.2: List of CFRD in seismic areas (MTC 2002, p.11) 
 
Name of Dame Country Height (meter) Seismicity of site 
Bakun (under construction) Malaysia 205 Low 
Sogamoso (under design) Colombia   195± Moderato to high 
Aguamilpa Mexico 187 High 
Tiangshengqiao (under construction) China 180 Moderate 
Foz do Areia Brazil 160 Low 
Messochora (under construction) Greece 150 Moderate 
Salvajina Colombia 145 Moderate 
Alto Anchicaya Colombia 140 Moderate 
Golillas Colombia 130 Moderate 
Cirata Indonesia 125 High 
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3.5 Selection Location of Dam 
 
A dam location is selected as soon as morphological and topographical studies permit, 
and as soon as surface, sub-surface investigations and seismic activity have confirmed 
the suitability of the prospective site. 
 
The following are some factors have be careful consideration before a site location is 
confirmed (Kutzner 1997, p.12). 
a) Geology 
• Adequate bearing capacity of the foundation, 
• Low permeability of the foundation, 
• No existing geological faults, 
• No risk of seismic activity. 
 
b) Morphology 
• Smooth and symmetrical valley with gentle slopes, 
• Exposed flanks forming a arch of dam and abutments, 
 
c) Topography 
• High abutments, well above normal pool level, 
• High flanks around the reservoir with long seepage path to neighbouring valleys, 
• No depressions requiring lateral dams. 
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3.6 Selection Type of Dam 
 
Selection type of dam is the last step before the second phase can be started. Usually, 
selection of the dam type is based on the availability of materials and cost. Dams with 
artificial sealing (concrete dam) demand far higher technical standards than dams with 
natural sealing (rockfill dam). Therefore, natural sealing are always become the first 
choice for a dam project.  
 
Rockfill is easier to control the dam settlements and overtopping, construction delays 
due to weather conditions, deformation and low seismic hazard etc. CFRD is one type 
of rockfill dam and are always become favorite of dam the designers. CFRD is 
combined all of above advantage and the concrete faced is good leakage control and 
simply design and construction method compare to concrete dam. 
 
The above paragraph was mentioning the advantage of CFRD, but it is not purposely to 
confuse reader. The selection of a dam type does not mean voting for the best type 
against others of lesser quality. All dams designed and constructed according to the 
state of the art are equivalent in their standard. The task is to find the most appropriate 
version as an optimum of all technical and economic aspects, under consideration of the 
bounding conditions of the project. 
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CHAPTER 4 
PRINCIPLE OF DESIGNN 
 
 
Dams are design and analysis as a three-dimensional structure. Concrete and rock are 
both brittle materials, although elastic theories are applied in stress calculations. The 
factor of safety required in a dam must primarily be related to its structural strength, 
stability and durability. 
 
 
4.1 Analysis of Loads 
 
Dam will be subjected to water load and daily and seasonal temperature cycles that can 
often induce stresses comparable with those due to the water loading, as well as to a 
variety of minor loads for both determinate and indeterminate. The aim of the Engineer 
must be to reduce the number of uncertainties. Engineers must be convinced that dam 
could not be fail under any combinations of loading that he can foresee.  
 
Combinations of loading are very important in the analysis of dams. In general three 
combination are considered. The first one is static load or we call it deadweight. The 
second is hydraulic loads and the last one is a dynamic load.  
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4.1.1 Static Loads 
 
The following loads and factors must be considered. 
 
a) Dead Load 
Dead load means the dam body self-weight; this is depending on the properties of the 
construction materials. Higher grades of rock used, mean higher dead load have to 
support by a foundation. Figure 4.1 shown that a CFRD settlements due to dead load.  
 
 
Figure 4.1: CFRD settlements due to dead load 
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b) Water Loading 
Water load is imposed on any sloping surface of the dam. The result of the hydrostatic 
pressure acts at the upstream face of the concrete face as a force consisting of horizontal 
and vertical components. By simple mathematics concept, a force acts to an inclined 
surface could be divided into horizontal and vertical components. Figure 4.2 and 4.3 are 
shown water load act to an incline surface. 
 
 
Figure 4.2: Internal sealing due to water head 
 
 
 
Figure 4.3: Face sealing “concrete faced” due to water head 
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c) Water Density 
By pass records, density of water in a reservoir is realized that some rivers in the world 
carry a very heavy silt load in seasons. A changed land usage might well result in 
increased erosion. The creation of the reservoir will cause deposition of silt; the location 
of deposition depending upon particle size of silt in suspension at entry to the reservoir. 
Design engineer is obliged to assess the possibility of siltation during the life of the dam 
and giving special attention to the location and design of low-level outlets if they are to 
be provided. Unless very deep deposits of silt are likely, it is adequate to assume a 
triangular load allotting an appropriate relative density to the fluid.  
 
d) Reservoir Behavior 
Wind and other natural causes will induce movement in the reservoir water as waves. 
Wave patterns will depend upon wind speed and duration as well as on the fetch and 
depth of the reservoir. The actual loading will depend upon the shape of the dam, the 
slope of the upstream face and other factor. In addition, seiche effect is an undulation in 
the reservoir water due to natural causes, intermittent wind, variation in atmospheric 
pressure, earthquake and motion of the Earth.  
 
e) Ice Loading 
It is normally assumed that ice may occur when water in the reservoir is at or below the 
level of the spillway crest, that is, sheet ice will not form and exert pressure on the dam 
at times of maximum flood. A great deal of research has been done on the loading likely 
to be imposed on a dam by the formation of ice in the reservoir. The slope of the 
upstream face of the dam as well as the slope and roughness of the valley walls will 
influence the magnitude of ice loading.  
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4.1.2 Hydraulic Loads 
 
Water seeps through each dam. It is one of the tasks of design and construction to make 
the structure functional in the sense that the water is properly drained away and that the 
quantity of drained water are tolerable and small. The quality of seepage must not affect 
human life or any activity in the downstream area. In most existing dams as in natural 
sediments, the horizontal permeability is greater than the vertical permeability. A clear 
sketch is shown that the relationship between kH and kv in Figure 4.4. With existing 
dams the quality of seepage covers a wide range. For large dams it is in the order of 0.1 
to 2.0 l/min and per meter of dam length (Kutzner 1997, p.101). 
 
 
 
 
Figure 4.4: Seepage through dam body 
 
 
 
 
Figure 4.5: Seepage through dam foundation 
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When reservoir start to fill in water, upstream portion of dams with an internal sealing 
starts to be saturated. The dead weight turns to the uplift weight. The process may cause 
settlements, as far as the water causes movements of individual particles and further 
compaction of the dam material. Apart from stability problems the upstream slope must 
be protected from erosion by seepage. A transition layer between the concrete face and 
coarse and heavy rock fragments usually achieves erosion stability. 
 
 
4.1.3 Dynamic Loads 
 
Dams are subject to dynamic loads by earthquakes. Shock waves propagate through the 
dam from bottom to top. Earthquakes, which are related to the particular dam location, 
are assessed by an earthquake analysis. The analysis results in a maximum credible 
earthquake (MCE) and an operational basis earthquake (OBE) or design basis 
earthquake (MBE) which is considered to occur at least once during the lifetime of the 
structure. Usually the lifetime is taken as 100 years. Typical ground accelerations of 
strong earthquakes are in the range of 0.4-0.8 times the acceleration due to gravity. 
Crest acceleration is in the range of 1.5 times the ground acceleration (Kutzner 1997, 
p.100). 
 
Earthquakes may have the following effects which are incorrectly designed with respect 
to the foundation, the dam material, geometry or zoning (Kutzner 1997, p.101). 
• Excessive settlement - loss of freeboard and subsequent overtopping, 
• Excessive displacement – the dam toes or slopes, 
• Local failure – the crest with the risk of subsequent overtopping, 
• Landslide – the reservoir with the development of a wave overtopping, 
• Shear failure – the abutments and the interface of dam and concrete structures with 
subsequent excessive leakage, 
• Damage to structures – the spillway or inspection galleries, 
• Damage to Face sealings at the crest – risk of overtopping. 
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4.2 Design of Main Rockfill 
 
The main rockfill provides the structural support for the dam by its weight an internal 
stability. The impervious zone holds back the water, which is made up of the membrane 
“concrete face”. It holds the water and the transition zone “fine rock”, which transfers 
the water load to the rockfill. 
 
 
4.2.1 Main Rockfill 
 
The major problem in a rockfill dams is settlement. Strength in high dams where 
crushing of the corners of the rock pieces will result in settlement. It begins during 
construction and continues for many years after the dam is complete. There are two 
reasons, which will cause the settlement. 
• The migration or working between the points of contact between the larger rock 
permits the rocks to re-orient themselves and assume a more dense structure. 
• The crushing of the contact points between the larger rocks under the extreme 
stresses developed by the embankment weight causes the rocks to move and develop 
new points of contact which in turn crush again.  
 
This result in the popping sounds sometimes heard near rockfill dams. The settlements 
on a number of rockfill dams have been measured. The values observed range from 
0.15% to 0.45% of the height of the dam. Settlement on one poorly constructed dam 
reached 4% of the height. In the dams constructed within the last fifteen or twenty 
years, the range has been smaller, the maximum being about 1% of the height in a ten-
year period. The settlement is most rapid during the first four or five years. Based on the 
existing records the settlement continues indefinitely, but at a continuously decreasing 
rate that similar to secondary consolidation of soils (Kutzner 1997, p.91). 
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Figure 4.6: Typical equal settlement curves before reservoir filling 
 
 
4.2.2 Rockfill Material 
 
Rockfill material must be well graded. Designers have to adjust his design to the 
available materials and to make use of them with the aim of achieving safety over the 
lifetime of the structure. Materials have to test in the laboratory with individual pieces 
of rock.  
 
From Figure 4.7, an excellent material for dam construction has the following grain size 
distribution as following: 
• Not more than 5% below 5mm; 
• Not more than 30% below 20mm; 
• Maximum particle size 600 to 1000mm, depending on the rock strength and the 
tendency towards particle breakage. 
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1. Percent finer by weight 
2. Grain size (mm) 
3. Silt  
4. Sand 
5. Gravel 
6. Cobbles 
A. Well graded rockfill material, U>5, permeability kA 
B. Material A, 30% scalped at 200mm 
C. Modelled material A, permeability kA/ 10 
D. Modelled material A, permeability kA/ 100 
E. Poorly graded gravel, U<5, permeability KE 
F. Modelled material E, permeability KE/ 100 
 
Figure 4.7: Grain Size distributions of processed rockfill materials (Kutzner 1997, 
p.70). 
 
 
In certain critical site, designs have to consider that rock under chemical reaction and 
under a microscope to establish rock breakage. Table 4.1 as below shown that the 
difference rocks are under chemical reaction.  
 
Table 4.1: Rock under chemical reaction 
 
Likely to be satisfactory Likely to be unsatisfactory 
Granite, diorite Shale 
Gneiss Slate 
Basalt Schist 
Sandstone Siltstone 
Dense limestone Porous limestone 
Dolomite Chalky limestone 
Quartzite  
 
 39
A Study on Concrete Faced Rockfill Dams  Chapter 4: Principles of Design 
 
 
4.2.3 Transition Zone 
 
Transition zones act mainly to establish acceptable stress conditions and tolerable 
differential deformations between adjacent materials. The function is independent of the 
flow of water. Concrete face is placed in vertical sections form bottom to top that is 
underlain by a transition and leakage limiting layer of specified grading. Figure 4.8 is 
clear shown that difference grain sizes of rock are placing in difference zone. 
 
 
Figure 4.8: Typical section of a CFRD 
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4.3 Design of Reinforced Concrete Facing 
 
Earth membrane is better for settlements control compare with reinforced concrete 
facing. The reinforced concrete facing has been the most popular type because of its 
durability and relative ease of construction; since cement has a very long life, it is an 
obvious watertight membrane on rockfill dams. 
 
An evolution of the face thickness “t” leads to the usual design of (Kutzner 1997, 
p.190): 
t = 300 + 0.001h  where h = height of dam 
 
 
4.3.1 Concrete Facing Cast Method 
 
The concrete facing can be tied to the dam in two ways. 
a) Poured directly, Figure 4.9:  
Initially, lay a few centimeters of lean concrete “sand, cement and water” onto the 
rubble transition zone and then poured directly reinforced concrete onto the lean 
concrete.  
b) Rib method, Figure 4.10: 
Ribs are placed in the bottom of the slab by forcing grooves in the facing. The 
ribbed support, however, is unnecessary if the bonding with the backing is effective. 
 
Figure 4.9: Typical horizontal joint   Figure 4.10: Typical horizontal
       joint with supporting rib 
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4.3.2 Type of Facing 
 
There are two types of facing. 
a) Thin monolithic without joint: 
A thin monolithic slab of concrete is a full face of concrete without joint. It is 
sufficiently flexible to conform to movements in the backing without failure and the 
tensile forces are distributed by the reinforcements so that numerous small cracks 
develop rather than any major failures.  
 
b) Thin monolithic with joint, Figures 4.9 to 4.12: 
The second type of method is used in most concrete faced dams. Contraction and 
expansion joint are provided for better crack control.  
 
        
Figure 4.11: Typical joint at cut-off  Figure 4.12: Typical vertical joint 
 
 
Concrete is subjected mainly to compression shown in Figure 4.13. The outer part the 
joints between the slabs are due to tensile stresses. Tension may also occur at the 
perimetric joint. Reinforcement is about 0.5% of the concrete section in both directions, 
or 0.5% vertical and 0.4% horizontal. Surplus of reinforcement is recommended at the 
perimetric joint to compensate for differential settlements of the base due to 
irregularities of the foundation (Kutzner 1997, p.190). 
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Figure 4.13: Typical of concrete face sealing and joint layout (Kutzner 1997, p.191) 
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4.4 Design of Foundation 
 
There are no other structures for which the underground is of such important as dams 
(Herzog 1999, p.24). There is three major critical parts that is a design engineer has to 
concern about it. 
a) Strength: 
Underground must be of sufficient strength to resist the stresses induced by the dam, 
b) Deformation: 
Underground suffers deformation due to the very big reservoir load, 
c) Heterogeneous: 
Underground is generally heterogeneous and is thus a cause of additional local 
stresses. 
 
Figure 4.14: Rockfill dam is supported by compressible foundation 
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4.4.1 General Consideration 
 
• Dam body rests on rock or soil which is capable of bearing the loads and which is of 
low compressibility.  
• Grouting serves to minimize settlements and seepage. Commonly, consolidation 
grouting is performed through vertical boreholes at a spacing of 2 to 4m in both 
directions. Figure 3.3 in Chapter 3, site investigation shown that high-pressure grout 
curtain in the foundation, 
• Shear strength of the material in the foundation must equal or higher than the shear 
strength of the shell material.  
• Plinth is used as a grout cap to execute curtain and consolidation grouting. Plinth 
must be anchored to the ground, and the reinforcement must be designed to exclude 
bending. The surface of the plinth should be horizontal in the direction normal to the 
plinth line, as shown in Figure 4.15. 
• Toe is a concrete structure to support sealing it is a reinforced concrete slab or a 
strong beam with or without a galley, Figures 4.16 and 4.17. The structure is 
affected more by the weight of the dam body, which is located above or beneath, 
and by the full hydrostatic pressure of the stored water. These forces may cause 
deformation of the foundation. 
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Figure 4.15: Concrete face sealing, typical plinth design (Kutzner 1997, p.200). 
 
 
 
Figure 4.16: Junction of sealing and plinth with gallery (Kutzner 1997, p.209) 
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Figure 4.17: Junction of sealing and plinth without gallery (Kutzner 1997, p.210) 
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4.5 Preliminary Design Examples 
 
4.5.1 Upstream Slip Circle 
 
Figure 4.18 as below shown that a rockfill dam failure due to upstream slip circle. 
19kN/m3 mean density of rockfill.  
 
Figure 4.18: Rockfill dam failure due to upstream slip circle (Herzog 1999, p.193). 
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4.5.2 Slip Safeties 
 
Figure 4.19 as below shown that a rockfill dam failure due to slide bodily. W means that 
water pressure acts perpendicular to the dam incline surface. 
 
Where W = γw/2 (H-f)2 and factor of safety, s > 2 
 
 
Figure 4.19: Rockfill dam failure due to slide bodily (Herzog 1999, p.197). 
 
 
 
 
 
 
 
 
 
 
 
 
 49
A Study on Concrete Faced Rockfill Dams  Chapter 5: Dam Construction 
  
 
 
 
 
 
CHAPTER 5 
 DAM CONSTRUCTION 
 
 
5.1 Introduction 
 
The construction work can be divided into a number of phases: 
 
a) Evaluation of plans, specifications, basic requirements and features of the site: 
This phase comprises a detailed study of the requirements of design and of the site 
itself, such as topography; weather and river flow, and of the problems of labour, 
materials, and equipment supply. This is always not done until making the site ready 
phase and building the structure phase are under way, which is far too late. 
 
b) Planning and scheduling of the job: 
This is a crucial phase if the job is to be done economically. The plant, labour, and 
materials for each stage of construction process must be available at the correct time; if 
they are too early there is unnecessary “down time”, whereas if too late the remaining 
schedule suffers. The schedule must fit the weather conditions and varying river 
discharge. In addition, it must suit the flow of money from the owner. In most cases the 
money for construction becomes available in stages and too rapid completion will only 
mean work for which payment is not immediately available. 
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c) Making the site ready: 
Site readying consists of developing access roads and the provisions of the fixed 
construction plant such as warehouses, crushers, concrete mixers, offices and housing 
for the staff and workers. Surely, this work is often just the beginning; the arrangements 
are often changed several times during the progress of the work. 
 
d) Building the structure: 
The majority time and money are spent on the building phase. This will be discussed in 
detail in the following sections.  
 
Figure 5.1 (Loraine & Banmark 1993, p.158) shows that a typical dam construction 
progresses that is located in Indonesia. This project is spending more than six year for 
construction, this period is not included time of planning, site investigation and 
environmental restoration. 
 
 
Figure 5.1: A typical dam construction progress 
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5.2 Preliminary Works 
 
Cost and time are required for the construction of a dam project that is included all of 
the preliminary works before actual construction works are started. Preliminary work 
included initial site clearing and restorations at the end of the project. 
 
 
5.2.1 Site Access 
 
Site access are depending upon the location of the job, access may be by road, rail, or 
water. The main purposes are to bringing materials and personal to and from the site 
should be reliable and efficient. Access to majority of dam works is by road, and the 
permanent access road should be constructed at the outset; it will have already been 
designed, and will form part of the project. 
 
 
5.2.2 Site Clearing 
 
The removal of trees, roots, boulders, fences, buildings, and other structures from the 
area is called clearing. Clearing includes only the removal of under-brush and such trees 
that interfere with visibility or construction operations in the adjoining areas. Timber 
and other materials of value are recovered, while the waste is burnt or dumped it in the 
reservoir area upstream from the dam. 
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5.2.3 Site Scaling 
 
The removal of loose materials, weathered rock and other weak materials from the 
abutments is called scaling. It also includes the shaping of the abutments to get rid of 
overhangs and provide uniform slopes. The work usually proceeds from the top 
downwards and the waste accumulates at the toes of the slopes. For the reason that the 
scaled material comes from the higher ground, it is usually dry and free of organic 
matter. It is frequently used in the embankment construction. Moreover, it is always an 
excellent cofferdam material, especially if it comprises much rock, and is in a good 
position for placing in the cofferdam at little cost.  
 
 
5.2.4 Site Camps 
 
Construction camps vary with the duration and magnitude of the works. For the 
construction of major dams and other long-term jobs it is necessary to build regular 
townships with all the amenities and services found in the average town, planned for the 
convenience of residents, with easy accessibility to the works area, and economy of 
construction and maintenance. 
 
 
5.2.5 Utility Service 
 
Dam site is always far away from town. Dam Company may be required to provide the 
capital cost of the installation or it may be charged monthly in addition to its normal 
power construction charge. In certain stage, Dam Company may decide that it will be 
more economical to generate its own power, usually be means of diesel generators or 
sometimes hydro-electric, gas or oil fired. 
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5.3 Plants and Equipment 
 
Assembling and erection of the construction plant is another major preliminary work. 
Erection of heavy equipment is special task calling for experience and skill technician, 
because once the machine breakdown can delay the entire operation.  
 
The choice of plant to be used on a construction project has a major influence on the 
efficiency and profitability of the operation. A number of factors must be considered in 
selecting plant for a project. The most important of these is the ability of the plant item 
to perform the required work. Among those items of plant capable of performing the 
work, the principal criterion for selection should be the maximizing of profit or return 
on the investment produced by the plant. Usually, profit is maximized when the lowest 
cost per unit of production is achieved. 
 
The following are some of the main plants and machines are used for a dam 
construction: 
 
1. Earthmoving plant 
The main function of earthmoving plants is for site cleaning, rock fill and hauling, 
excavating etc. 
 
 
 
 
Figure 5.2: Earthmoving plant “Dozer”  
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2. Off highway trucks 
Off highway trucks are used to remove overburden from dam site or loading rock from 
quarry site and then transfer to dam site. 
 
 
 
 
Figure 5.3: Off highway truck 
 
 
 
3. Compaction equipment 
Compaction equipment is the most important plant to effect dam settlement. Heavy 
rollers are always become the first choose to maximize compaction productivity. 
 
 
 
Figure 5.4: Compaction equipment “tamping roller”  
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4. Tower crane 
When dam body is building to a certain height, dam builder always construct a tower 
crane to carry up the daily progress. Mobile crane is only functional at the site 
beginning stage because of the height and boom length limitation. For a dam 
construction, Rail-Mounted Tower Crane are away become first choose of tower crane. 
This type of crane is often used where heavy lifting over a large area is required, 
especially for dam construction. It can cover very long areas. There height is limited, 
however by stability under wind loading and they are usually only used where rails can 
be laid on the level.  
 
 
 
Figure 5.4: Tower crane “rail-mounted towe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.5: Tower crane “rail-mounted tower crane” 
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5. Helicopter 
Helicopter is always become most mobile machine for a dam project. Dam is building 
in gorges and helicopter away help for concreting, materials or equipments lifting. 
Kenyir dam in Malaysia is many used of helicopter during construction period. 
 
 
 
 
Figure 5.6: Helicopter 
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5.4 River Diversion 
 
River diversion is necessary before a dam can be constructed. River diversion can be a 
channel, tunnels or combined both methods for through an abutment. Irrespective of the 
dam type chosen, the satisfactory handling of the stream flow in the source of 
construction is vital to the success of the work. In fact the river diversion and handling 
of flood discharges is often the most critical operation in dam construction. 
 
Capacity of the diversion channel or conduit must be related to the peak river 
hydrograph. The cost of river diversion works must be compared with the risk of loss of 
all or part of the new dam in peak flood conditions according to the return period on 
which these are assessed. 
 
Two typical method of river diversion is show in Figure 5.6 and 5.7 as below: 
       
 
 
 
Figure 5.7: River diversion by tunnel   Figure 5.8: Typical two-stage river 
       diversion 
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5.4.1 Tunnel System 
 
In narrow, deep gorges with high flood discharges, tunnels round the site are often 
employed for river diversion with an inlet some distance upstream and the outlet 
correspondingly below the dam site. These are cut off using cofferdams across the 
streambed. Tunnel diameter and number are depending on the volume of water to be 
discharge.   
 
The usual procedure for the construction of diversion tunnels is to drive the tunnel 
behind cofferdams at its inlet and outlet portals finally connected to the river by the 
removal of the cofferdams. The river is then offered two courses, its natural bed or one 
through the diversion tunnel. The construction of the main upstream cofferdam then 
serves to divert the flow through the tunnel. A downstream cofferdam is also 
constructed to protect the damsite from backwater accumulation 
 
 
 
 
Figure 5.9: Typical tunnel systems 
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5.4.2 Cofferdam 
 
Cofferdam can be a temporary or permanent structure. Temporary cofferdam mean once 
the dam project was completed, rock or soil of the cofferdam will excavated and 
removes from river. Cofferdam may also design as a permanent structure upon geology 
and quality of rock and gravel used. Figure 5.9 as below show that a cofferdam 
becomes part of permanent dam structure. 
 
The actual river diversion operation including the breaching of any temporary 
cofferdam is a tricky one carried out at a time of low discharge. Rivers are not easy to 
divert from their natural course and this must be done quickly and decisively by 
building on earth and rock bund in the path of the river and quickly replenishing 
material it washes away. 
 
Upstream cofferdam serves to retain the anticipated construction floods and to conduct 
the permanent river discharge and the construction floods to the diversion structures. 
Dewatering of the construction area is limited to precipitation and surface water from its 
catchment’s area.  
 
Downstream cofferdam serves to protect the construction area from inundation by tail 
water. This cofferdam is always lower than the upstream cofferdam, because its height 
relates only to the maximum discharge through the diversion system. 
 
 
Figure 5.10: A typical cofferdam 
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5.5 Preparation of Foundation  
 
Foundation preparation comprises the construction of the cut-off and placing of the first 
lifts of compacted fill on the previously stripped surface. Foundation preparation is an 
important step in construction. A number of failures will be resulted largely by seepage 
along the contact surface if there is lack of attention to this step. 
 
RCRD foundations the final foundation area is reached by excavation of loose material 
and weathered rock. Excavation must be done without dam age to the remaining rock. 
Therefore, it is frequently requested to loosen the last 50cm of material by use of 
pneumatic tools only, not by blasting. 
 
The exposed irregular foundation area must be treated in detail. A typical irregularity 
and their respective treatment are shown in Figure 5.10 as below. The treated 
foundation area must be cleaned of all loose material and water puddles. Compressed 
air and pressure water is proven means for the final cleaning. Weak rock is covered by 
shotcrete to prevent damage. Some geotechnical engineers stabilize the whole 
foundation area of the core with shotcrete or slush grout. 
 
Natural depressions and caves that remain after the excavation of weak materials can be 
filled with shell material. It must be compacted to the same dense state as the dam body.  
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Notes: 
1 = Original river bed 
2 = Core foundation line, fresh or slightly weathered rock 
3 = Excavation of river sediments, slope debris and weathered rock 
4a = Removal to flatten the slope 
4b = Removal to smooth the foundation area 
5 = concrete backfill 
6 = Concrete backfill after cleaning out to 3 times the width 
7 = Sealing of superficial cracks by slush grout or shotcrete 
8 = Steps acceptable, less than 1m high and 2m long 
9 = Ledges acceptable, not wider than half the thickness of plastic clay 
10 = Concrete backfill to level the slope at construction roads 
 
Figure 5.11: Typical foundation preparation under a dam core of natural materials 
(Kutzner 1997, p.283). 
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5.6 Rockfill Construction  
 
With the advent of heavy vibratory compacting rollers in the latter half of the 1960’s it 
become possible to achieve economical, far better compaction of rock fill by 
compaction in layers than by dumping in high lifts, whereupon interest in CFRD 
increased. Their performance was improved not only because of the reduced settlements 
due to compaction, but also on account of better details of design. 1982 had constructed 
at least eight with heights greater than 100m (Terzaghi, Peck & Mesri 1996, p.494). 
 
 
5.6.1 Quarrying 
 
Rockfill material is excavated or quarried in dry condition. We distinguish rock to be 
ripped and rock to be quarried. Weak rock is loosened by rippers shown in Figure 5.11, 
then loaded on trucks and brought to the embankment. Hard rock is loosened by blast in 
quarries shown in Figure 5.12. 
 
 
 
 
Figure 5.12: Ripping of weak rock using track-type tractor with ripper 
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Figure 5.13: Rockfill quarries with drill rigs, excavator and dump truck 
 
 
5.6.2 Rockfill 
 
Rockfill material must be compacted to its maximum strength. Figure 5.13 and 5.14 as 
below demonstrates the working sequence of dumping, leveling and compacting.   
 
 
 
 
Figure 5.14: Handling of rockfill material by dumping 
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Figure 5.15: Spreading and leveling 
 
 
5.6.3 Compaction 
 
Only heavy vibratory smooth drum rollers are in use for compaction, of the self-moving 
or tow type. The weight of the rollers is up to about 200kN (frequently 120 to 150kN). 
Special rollers have been developed for the treatment of slopes. They are self-moving 
on flat slopes or operated by winches located on the dam crest. Such slope compactors 
are able to treat materials up to about 150mm maximum size. That means, they are not 
capable of treating riprap and similar slope protective materials. They are indispensable 
for the construction of CFRD to achieve the required high deformation modulus and 
accurate geometry of the slope (Kutzner 1997, p.260) 
 
 
 
Figure 5.16: Compacting by self-propelled vibratory smooth drum rollers 
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Figure 5.17: Dynamic compaction control of granular soils by roller-mounted 
compaction meter (Kutzner 1997, p.267) 
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5.6.4 Water Increase Compacting 
 
As to the addition of water to the rockfill, again different opinions exist. A convincing 
reason for adding water is given for rock with a noticeable potential to absorb water. 
The strength of such rock will differ according to the degree of saturation. In such 
cases, the addition of much water will force the material to breakdown under the attack 
of compaction. This way the expected breakdown and related settlements will occur 
during the compaction process instead of during first impounding. Breakdown is caused 
mainly by latent fissures and by edges that bread. 
 
 
 
 
Figure 5.18: Placing of sand-gravel with addition of water 
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5.6.5 Riprap and Transition Zone 
 
Bulky material like riprap is not placed in layers. Either an excavator arranges the 
blocks like a mosaic, or materials can dump by trucks before construction. In 
developing countries, hand placing is also employed, which restricts the weight and size 
of the large pieces. With all the placing methods compaction is not possible. The 
smaller size pieces must fill the voids between large pieces, thus minimizing the 
deformability of the layer. The arrangement must prevent small pieces from being 
displaced by wave attack or being eroded by wave suction. 
 
 
 
Figure 5.19: Placing of riprap by excavator like a mosaic after dam construction 
 
 
 
Figure 5.20: Completed first stage of riprap 
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5.7 Concrete Faced Construction 
 
5.7.1 Introduction 
 
Construction of concrete faces demands experience. Accordingly, contracts should be 
awarded to experienced contractors. It can be stated that a number of CFRD has been 
constructed worldwide and is performing satisfactorily. Concrete faced and compacted, 
not only to provide bedding for the facing but also to form a relatively impermeable 
barrier to leakage. 
 
Concrete facing reinforced with about 0.5% of steel in both directions, is cast in 
continuous strips upslope without horizontal joints, and with unkeyed vertical joints 
across which reinforcement is carried. The perimeter joints usually contain thin filler 
and two independent waterstops. The thickness of the slab is customarily 0.3m at the 
crest and increases toward the base by 0.002d to 0.003d, where d is the vertical distance 
below the crest in meters (Terzaghi, Peck & Mesri 1996, p.494). 
 
 
5.7.2 Concrete Faced Construction Method 
 
The following principles have been developed in the course of the last decades, which 
indicate how concrete faces on embankment dams should be constructed. The 
arrangement of the equipment doing the work is shown in Figure 5.20. The typical 
layout of joints can be seen from Figure 5.21. The construction of the face follows the 
construction of the embankment and the transition zone supporting the face. In 
principle, the embankment and the face may be constructed in steps until the final 
height is reached. In the lower portion of the face, starter slabs are required extending 
form the plinth to the horizontal contraction joint where the operation of the concrete 
placing unit and the slipform starts which shown in Figure 5.21.  
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On the crest rails are laid down to carry the winches and a tower crane, Figure 5.20. The 
two main trolley (9) and (10) serve to place the rails, the reinforcement, the slipform 
and side formwork, and the concrete. The reinforcement is prefabricated at the crest and 
transported to the reinforcement trolley by the tower crane. The long reach of the crane 
allows placement of reinforcement on the upper part of the face. In principle, 
reinforcement and concrete are placed from bottom to top. The reinforcement is 
anchored to the rockfill. 
 
The concrete is pumped to the concrete placing unit or conveyed via chutes. The 
concrete composition and the slump must be adjusted to the climate and to the work 
progress. The placing unit must be adjusted to the climate and to work progress. The 
placing unit must counterweight the uplift to enable concrete placement to the designed 
thickness. Irregularities of the base are commonly tolerated up to about 25mm. Before 
concreting, the mortar pad and the W-shaped copper waterstops are placed by the 
respective trolley (14) and welded. The slipform can be moved at a velocity in the range 
of 1.5 to 5m/h, on average 3m/h (Kutzner 1997, p.282). 
 
The maximum grain size of the aggregates is about 40mm. The cement content was 
initially 350kg/m3. It is now preferably 300kg/m3. Accordingly, the water/cement-ratio 
is now about 0.55. The development of shrinkage cracks can widely be avoided by 
curing of concrete with water until filling commences (Kutzner 1997, p.274). 
 
 
 
 
 
 
 
 
 70
A Study on Concrete Faced Rockfill Dams  Chapter 5: Dam Construction 
  
 
 
1 Concrete slabs, width here 12.2m 
2 Vertical contraction joints 
3 Horizontal contraction joint 
4 Perimetric joint 
5 Plinth 
6 Dam crest 
7 Rail-mounted transfer trolley and winches for nos 9 and 10 
8 Tower crane mounted on crest rails 
9 Rail and reinforcement trolley 
10 Slipform and concrete placing unit 
11 Concrete supply 
12 concrete delivery by pump or chute 
13 Curing trolley 
14 Trolley to place mortar pad and waterstops 
15 Face access trolley and winch 
16 Staircase 
17 Crest winch for lateral concrete slabs of reduced width 
 
Figure 5.21: Concrete face sealing with typical arrangement of construction equipment 
(Kutzner 1997, p.281). 
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Figure 5.22: Under construction concrete face sealing (slabs from the plinth to the 
horizontal contraction joint and the shotcrete cover on the transition layer) 
 
 
 
 
Figure 5.23: A typical CFRD under construction 
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CHAPTER 6 
 STRUCTURAL BEHAVIOR 
 
 
6.1 Cause of Failure 
 
CFRD may fail on account of overtopping, slope failure, spreading or sliding, internal 
erosion or subsurface erosion, for example, excessive leakage through, beneath, or 
around a dam. 
 
 
6.1.1 Dam Overtopping 
 
Overtopping of a CFRD can be avoided by conservative spillway design, attention to 
the possibility of large rapid landslides into the reservoir and generous freeboard. Slope 
failures and failures by spreading or sliding can be avoided by design of supplemented 
during construction by field observations principally by measurement of pore-water 
pressures. 
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6.1.2 Dam Sliding 
 
Bedding plane shear zones have often developed in stratified, alternately strong and 
weak rocks adjacent to a river during valley cutting, and the strength in such zones may 
be at the residual value. Hence, the possibility of such conditions deserves serious 
consideration (Terzaghi, Peck & Mesri 1996, p.474) 
 
 
6.1.3 Subsurface Erosion 
 
Subsurface erosion can be occurring without any apparent warning, which at a full 
reservoir and it may develop entirely in the subsoil in a pattern that depends on 
unknown details of the stratification. When the erosion channel reaches the reservoir it 
enlarges rapidly; the release of water may destroy the dam and its foundation and 
devastate the valley downstream. Failure of a dam by subsurface erosion thus ranks 
among the most serious accidents in civil engineering. 
 
 
6.1.4 Internal Erosion 
 
Internal erosion within the body of zoned embankment dams may also have serious 
consequences. Develop cracks as a result of differential settlements or other causes. It 
may not be sealed tightly against the foundation or abutments, or under the influence of 
seepage pressures may tend to migrate.  
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6.1.5 Hydraulic Fracturing 
 
Hydraulic fracturing may lead to the failure of a natural sealing element with 
subsequent erosion and destruction of the dam. Hydraulic fracturing occurs under 
conditions where the water pressure of the reservoir exceeds the earth pressure in the 
dam. The magnitude of earth pressures in different directions depends on the shape of 
the sealing element and on the deformation properties of sealing and adjacent materials. 
 
 
6.2 Dam Settlement 
 
The field observation shows that the settlement of a CFRD is usually 0.15 to 0.45% of 
the height of the dam. In a particular situation, it may reach 1% of the height. The 
leakage appears comparatively large at the beginning of impounding, and then becomes 
stable. For some dams in foreign countries with the height above 100m, the leakage was 
20 to 260L/s (Pan & He 2000, p.18). 
 
 
6.3 Dam Cracking 
 
Cracks are frequently encountered in face slab concrete due to its large length and small 
thickness. Cracks occurred in the earliest CFRD regular patterns as below: 
• Cracks are almost horizontally crossed over the whole slab,  
• Most of the cracks accumulated at the middle-lower part the whole slab, 
• Crack width usually is smaller than 0.3mm, majorities smaller than 0.1mm and few 
of them may reach 0.5mm. 
• Cracks penetrate the whole depth of the slab, narrowed slightly at the location of 
reinforce bar, 
• Most of the cracks are found out soon after pouring and developed after winter 
season. Very few are found after water storage. 
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Cracks may causes by deformation, temperature and contraction during drying. 
Concrete contracting created by the change of temperature and humidity is restrained by 
foundation, causing the development of tensile stresses, which turn to be an active force 
of cracking. Crack occurred when active forces exceed the crack prevention force. 
Cracks can be prevented by taking measures to enhance the concrete crack preventing 
property, as well as by reducing the active force by external factors. Measures of 
enhancing concrete crack preventing property include following aspects: 
• To optimize the concrete raw materials and its mix proportion design, 
• To raise it tensile strength and ultimate tensile strain, as select high grade Portland 
cement, sand and aggregate with small water-absorption and mud content, 
• To blend high effective additive agent and fly ash to reduce water/ cement ratio and 
water, reinforcing to limit the crack development appropriate construction 
technology.  
 
Durability of face-slab is considerably affected after crack. It should be strictly handled. 
Currently depending on the specifications of design standard of reinforced concrete 
structure in hydraulic engineering cracks of width over than 0.15 to 0.20mm should be 
treated (Pan & He 2000, p.624). Methods of crack treatment can be conclude as 
grouting and surface covering with sealing material for the purpose of seepage 
prevention as well as restoration of concrete integrity. They are all practically feasible. 
Some projects follow strict treatment for all cracks. 
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Figure 6.1: Cracking patterns in CFRD (Kutzer 1997, p.293) 
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6.4 Dam Displacements 
 
6.4.1 Normal Stress 
 
The following are some typical rockfill normal stress diagram, which compare between 
CFRD and earth core rockfill dam: 
 
 
 
Figure 6.2: CFRD by computed equal normal stresses at end of construction (Kutzer 
1997, p.180) 
 
 
 
Figure 6.3: Earth core rockfill dam by lines of computed equal normal stresses at end of 
construction (Kutzer 1997, p.180). 
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6.4.2 Horizontal Displacements 
 
Figure 6.4 as below shown that a typical earth core rockfill dam horizontal 
displacements diagram: 
 
 
Figure 6.4: Earth core rockfill dam by lines of computed equal horizontal displacement 
at end of construction (Kutzer 1997, p.181) 
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Table 6.1: Face displacements and seepage of CFRD (Kutzer 1997, p.194) 
 
Project Country Year Height 
 
(m) 
Max face  
 
(mm) 
displacement 
normal to face 
(Time) 
Seepage 
 
(l/s) 
Remarks 
Fades France 1968 68 150 After impounding 60 
 
20 
Including abutments 
and precipitation 
Probable seepage 
through dam with 
tendency towards 
reduction 
Kingaroo 
Creek  
Australia 1968 59 65 6 years after end 
of construction 
1 After 13 years of 
operation 
Little Para Australia 1977 53 64 As above 19 Right abutment 
Alto 
Anchicaya 
Columbia 1974 140 160 2.5 years after 1st 
filling 
1800 
180 
After 1st impounding  
After 2 repairs at the 
perimetric joint 
Golillas Columbia 1978 125 160 During 1st 
impounding, 
estimation 
1080 
650 
After 1st impounding  
After repairs at the 
perimetric wall 
Winnecke Australia 1980 85 <200 After impounding 32 After cement dosing 
treatement 
Bailey Virginia/
USA 
1978 95 150 Failure, mainly of 
the perimetric 
joint 
370 
60 
Water head=34m 
After repair, water 
head=24m 
Foz do 
Areia 
Brazil 1980 160 775 4 years after 
impounding 
240 
70 
1st impounding  
4 years water 
head=150m 
Mangrove 
Creek  
Australia 1981 80 12 During 
impounding 
4 Water head=33m 
Shiroro Nigeria 1983 125 >50 Perimetric joint 1500 
100 
After impounding 
After pumping of silty 
sand into cracks 
Fortuna Panama 1982 60 40 After impounding 1  
Khao 
Laem 
Thailand 1984 130 125 During 
impounding 
  
Terror 
Lake 
Alaska/U
SA 
1984 59   14 Water head=33m 
Bating Ali Sarawak/ 
Malaysia 
1985 85 - No displacement 
recorded 
30 Water head=60m 
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6.5 Dam Instrumentation 
 
Instruments are concentrated in selected dam sections. This allows the correlation of the 
data of different types of instruments. As an example: the developments of earth 
pressures, of pore-water pressures and of settlements must correspond to each other and 
to the construction progress. 
 
The main targets of monitoring during the lifetime of the structure are: 
• The Control of dam movements by geodetic survey of selected points of the dam 
crest and of the downstream slope, 
• The control of the quantity and quality of the water seeping through the dam, the 
abutments and the foundation. 
 
This control is accompanied by measurements, which commence during the 
construction period and continue during first impounding up to the end of the dam’s 
life. These measurements provide the data for the evaluation of the dam’s stability at all 
phases of construction and operation. Such monitoring cover: 
• The control of settlements and horizontal displacements inside the dam and the 
settlements of the foundation, 
• The control of earth pressures and pore-water pressures in the dam, 
• The control of joint or pore-water pressure in the foundation, 
• The control of the phreatic line in the dam and of ground water fluctuations in 
the abutments and in the vicinity of the downstream dam toe, 
• The histograms of earthquakes and related dam performance. 
 
All the instruments and devices required for such monitoring are installed progressively 
with the dam construction. Immediately after installation a zero reading must be made 
which provides the reference data for the following monitoring process and its digital 
and graphical presentation. The zero-readings also serve to check to correct function of 
instruments. 
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Figure 6.5 shows the typical location of instruments in a measuring of a typical dam 
section. Three sections of this dam have been equipped in this way. Many other dams 
show similar instrument arrangements. 
 
 
 
 
Figure 6.5: Typical instrumentation of a rockfill dam (Kutzer 1997, p.298) 
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6.6 Dam Failure Cases 
 
The following are few dam failure cases, Figure 6.7 a failure of gravity dam and Figure 
6.8 a failure of arch dam (Herzog 1999, p.25) 
 
 
6.6.1 CFRD Failure 
 
 
 
 
Figure 6.6: A typical cross-section of CFRD with slip circles (Herzog 1999, p.26) 
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6.6.2 Gravity Dam Failure 
 
 
Figure 6.7: St. Francis gravity dam in California after collapse on 12 March 1928 (7 
days after first of reservoir) 
 
 
6.6.3 Arch Dam Failure 
 
 
Figure 6.8: Remnants of Malpasset arch dam in the Reyran Valley near Frejus, France, 
after collapse on 2 December 1959 
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CHAPTER 7 
CASE STUDY OF BAKUN DAM, MALAYSIA 
 
7.1 Geological of Malaysia 
 
A number of major faults have been recognized in the Peninsula. Sarawak and Sabah 
are another states that is part of the island Borneo. Sarawak can be considering better 
geological because no fault was found. 
 
 
 
Figure 7.1: World Map 
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Figure 7.2 as below is shown that the geological of Peninsula Malaysia, faults are 
clearly showed on the map. 
 
Figure 7.2: Geological of Peninsula Malaysia (Fatch Cahnd, 1993). 
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Figure 7.3, Sarawak and Sabah are part of Borneo Island. From the map as below, we 
may conclude that Sarawak and Sabah have better geological structure, because of no 
faults be found on both states. 
  
Figure 7.3: Geological of Sarawak and Sabah  (Fatch Cahnd, 1993). 
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Figure 7.4 shows that the location of epicenters in the area. It indicates that in this 
century Malaysia has been free of earth-quakes of any significant consequence, as is 
expected from the tectonic relationships of the area. In figure 7.4, a single epicenter is 
shown within the Peninsula. An earthquake is of small magnitude (less than magnitude 
51/2) and does not affect significantly the intensity evaluation of Bakun project. A study 
of all available literature indicates that earth-quakes recorded in the Malaysia during the 
past 150 years have been of low magnitude and many have probably been centered on 
Sumatra or the Andaman Sea. The southwestern boundary of the stable Malaysia block 
is marked by the seismically active Burma and Indonesian arcs (Ir. Chin 1988, p.15). 
 
 
Figure 7.4: Earthquake Epicentres in Western Indonesia (Ir. Chin 1988, p.15) 
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7.2 Type of Dam in Malaysia 
 
Malaysia has 72 number of dams and Government’s plans for another 46 dams through 
out the country. Rockfill dams are most popular in Malaysia. Malaysia is a developing 
country, cheaper manpower and materials available is the reason to construct a rockfill 
dam 
 
Four sites visit was done as shown in figure 7.5. 
 
 
 
 
Figure 7.5: Site visit of dam in Malaysia 
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7.2.1 Semenyih dam 
 
Semenyih Dam located in Sungai Selangor, center of Peninsula of Malaysia. Semenyih 
Dam is a 110m high rockfill dam which underlain with solid granite bedrock. It has a 
biggest catchment and last majors water resource available in the state. 
 
 
 Figure 7.6: Site 1, Semenyih Dam – Upstream of dam 
 
 
 
Figure 7.7: Site 1, Semenyih Dam – Downstream of dam 
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7.2.2 Mengkuang Dam 
 
Mengkuang Dam located in Sungai Muda, North of Peninsula of Malaysia. Mengkuang 
Dam has total 6 number of dams to create 80 number of reservoirs. Mengkuang Dam 
has 10 number of treatment plants to supply fresh water to Penang State. 
 
 
 
Figure 7.8: Site 2, Mengkuang Dam – Main dam 
 
 
 
Figure 7.9: Site 2, Mengkuang Dam – Secondary dam 
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7.2.3 Kenyir Dam 
 
Kenyir Dam located in Terengganu, Northeast of Peninsula Malaysia. Kenyir Dam is a 
155m high rockfill. Kenyir Lake is the largest man-made lake in Southeast Asia. It was 
constructed between 1978-1985 and covering an area of 369sq. Km, it is also 
Malaysia’s largest rock-filled hydroelectric dam. 
 
 
 
Figure 7.10: Site 3, Kenyir Dam – Upstream of dam 
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Figure 7.11: Site 3, Kenyir dam – Downstream of dam 
 
 
 
Figure 7.11a: Site 3, Kenyir dam – Powerhouse 
 
 
 
 
 93
A Study on Concrete Faced Rockfill Dams  Chapter 7: Case study of Bakun Dam, Malaysia 
  
7.3 Introduction of Bakun Dam 
 
For more than thirty years, there have been discussions concerning the building of the 
Bakun Dam in the Malaysian state of Sarawak. If built, it would be the largest dam in 
Southeast Asia, and, at a cost of about $7 billion, the most expensive.  
 
The Bakun dam is a 205-metre-high Concrete Face Rockfill Dam (CFRD), with a 
length of crest of 740 metres, a base width of 560 metres and a crest width of 12 metres. 
This makes it one of the highest rockfill dams in the world. It will flood 69,640 hectares 
of land, an area bigger than Singapore. This area is presently being clear-cut. Its 
catchment area is over 1.5 million hectares of mainly primary forest, though some 16% 
of Sarawak's total log production currently comes out of this area. 51% of the land of 
the reservoir area is Native Customary Land (meaning it is legally owned by the 
indigenous communities). 
 
The project will require the forced relocation of between 9,000 to 10,000 indigenous 
people, mainly of the Kayan, Kenyah, Kajang, Ukit and Penan ethnic groups. In 
addition, by changing water quality and river flow patterns, it will potentially affect the 
thousands of people living downstream of the dam, on the Rajang river, which is the 
longest river in Malaysia. 
 
 
 
 
 
 
 
 
 
 
 94
A Study on Concrete Faced Rockfill Dams  Chapter 7: Case study of Bakun Dam, Malaysia 
  
7.4 Bakun Dam Location 
 
The Bakun Hydroelectric Project (BHEP) comprises the construction of a 500MW 
hydroelectric dam, the transmission of its electricity, and the building of related 
infrastructure including access roads. The dam is being built on the Balui river, some 37 
kilometres upstream of Belaga in Sarawak, Malaysia (Sarawak is part of the island of 
Borneo). Land currently occupied by tropical forests, with shifting cultivation, some 
logging, a few plantations. 
 
 
 
Figure 7.12: Bakun Dam location (Oriental Daily News, 27 Jul. 2004, p.A3.) 
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7.5 Environmental impact assessment (EIA) 
 
International Rivers Network (IRN) has carry out an independent review of the 
adequacy of the interim EIA of the Bakun Dam. A 204m high hydroelectric dam 
proposed for construction on the Balui River in the Upper Rajang Basin in the state of 
Sarawak. If completed this dam would be the highest and most powerful dam in 
Southeast Asia. 
 
The purpose of an EIA is generally considered to measure environmental costs and risks 
of the project. In this way the true costs and benefits for government, investors and local 
people can be determined (Williams 1995, p.10) 
 
The report is base on the following 9 factors: 
• Technical summary and project description 
• Bintulu-Tubau-Bakun access road  
• Land use (Rajang river basin)  
• Physical environment (Rajang river basin)  
• Biological environment (Bakun catchment)  
• Public health and quantitative risk assessment  
• Environmental accounting costs and benefits & environmental management plan 
• Power transmission line (on-land Sarawak sector)  
• HVDC power transmission line (submarine sector) (obsolete) 
 
 
7.5.1 Physical Impacts 
 
1. Reservoir sedimentation: 
Long-term, field-based sediment transport samples for both suspended and bedload was 
collected to construct sediment-rating curves. When used with flow duration curves, 
measured annual sedimentation rates and project life span can be estimated. 
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2. Water quality: 
In general, large dams in tropical areas significant long-term water quality problems 
will develop, with most of the reservoir becoming anoxic and acidic with high hydrogen 
sulfide concentration. The reservoir will continually increasing acidity, depressed 
dissolved oxygen, and high levels of ammonia compared to natural river flows. In some 
other reservoirs, anoxic conditions have led to leaching of toxic heavy metals such as 
mercury from underlying sediments and concentrating them in the reservoir fish. 
 
3. Hydrologic and geomorphic impacts (Williams 1995, p.11): 
Hydrologic analysis for Bakun Dam project is incomplete and inadequate. The 
hydrologic analysis should be based upon long-term, continuous streamflow data 
collected at minimum on a daily basis. Most discharge information is given as monthly 
means, with the exception of 1988 daily average flows at four stations around BHEP. 
Proposed daily and hourly flow release schedules must be presented to assess and 
mitigate downstream impacts. Without proposed flow release schedules, impact 
assessment and recommended mitigation are impossible to define. 
 
Pre and post-project flood frequency curves are not given. This computation determines 
spillway safety criteria, the modification of flood frequency analysis downstream of the 
dam, changes in channel morphology, effects on human use of the river and impacts on 
flora and fauna. 
 
EIA completely fails to assess downstream impacts on channel morphology and 
geomorphological processes as following factors: 
• Fail to document existing channel morphology. 
• Fail to identify how construction and operation of the dam will impact the channel. 
• Fail to identify how the impacts on channel morphology will affect flora and fauna 
dependent on fluvial processes. 
• Fail to develop detailed plans that mitigate predicted impacts.  
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The discussion of downstream impacts on channel morphology in the interim EIA is 
limited to some bed erosion immediately downstream of the dam and some bank 
erosion in the delta area. The existing channel morphology information was limited to 
80 non-detailed cross sections. Post-project changes to downstream sediment transport 
have been ignored. These changes are typically most damaging to the river. 
 
4. Dam safety: 
Dam failures can occur due to a number of different mechanisms. The most common 
causes of failure are inadequate spillway capacity and human error, sabotage or acts of 
war.  
 
 
7.5.2 Ecological Impacts 
 
Total number of species identified by the vegetation surveys is not stated in the EIA. 
Special status species identified in the inundation zone include 68 "protected" species. 
In addition to timber resources, 1,230 species used for medicine, food, fiber other social 
uses were identified. 
 
Two impacts to vegetative resources resulting from the inundation and permanent loss 
of 69,640 hectares of agricultural and forest area upstream of the dam.  
• Loss of vegetation and habitat 
• Loss of economically important timber resources. The estimated annual cost of 
inundation of forest resources ranges from RM 10-22 billion.  
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Table 7.1 Resources Influence by Inundation area (Williams 1995, p.15) 
 
 Orders Families Species 
Insects 20 43  
Amphibians   49 
Reptiles    9 
Birds  40 151 
Mammals  15 32 
Fish 12 41 110 
 
 
7.5.3 EIA summary (Williams 1995, p.15) 
• Serious deterioration of water quality in the reservoir and in the river downstream.  
• Significant adverse impacts on water levels, and salt water intrusion in the river 
downstream, potentially affecting tens of thousands of people.  
• Forcible relocation of at least 8000 indigenous people living in the reservoir area.  
• A substantial risk of the introduction and spread of waterborne diseases.  
• A remote but tangible risk of catastrophic downstream flooding due to dam failure. 
• Degradation of fish habitat and loss of fishery resources downstream of and in the 
inundation area.  
• Inundation of 69,640 hectares of terrestrial habitat, significantly affecting 12 totally 
protected species and 93 protected species.  
• Inundation of socially and economically important plant species, including 1,230 
species used for medicines, food, fiber and other social uses and an estimated RM 
22 billion in annual forest product revenues.  
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7.6 Resettlement  
 
Resettlement is major part of the Bakun dam construction. It involves displacing the 
affected indigenous people together with rebuilding and improving their livelihoods, 
this is a complex and formidable process. Recognizing the difficulty of resettlement and 
realizing that people's lives will be affected, detailed studies and careful planning are 
being undertaken by the Sarawak State Government were responsible to ensure the 
successful implementation of the Resettlement Programmed for the affected 
communities.   
 
There are 15 longhouse-settlements along Balui River, in Belaga District, with a 
population of 9,428 persons who are directly affected by the Bakun HEP. The Kenyah 
and Kayan ethnic groups account for over 90 per cent of the inhabitants to be resettled. 
The others include the Lahanan, Ukit and Penan communities. The majority of the 
affected communities are subsistence farmers who practise shifting cultivation. 
  
        
 
Figure 7.13: Bakun resettlement and plantation area conceptual plan 
Total 15 affected communities will be resettled in areas near the Belaga River, about 30 
kilometers from the Bakun dam site, encompassing the areas of Sungai Koyan, Sungai 
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Penyuan and Sungai Asap, as shown below. Semi-detailed soil surveys of these areas 
have shown that the land is suitable for the resettlement sites and for planting of crops 
such as oil palm, pepper, rubber and irrigated rice. Fair and reasonable compensation 
will be given for the loss of private properties, e.g. housing, land, crops, fruit trees, etc. 
 
Ethic Group Longhouse-settlement Family Population 
Kenyah 4 1, 024 4, 708 
Kayan 8 881 3, 781 
Lahanan 1 138 535 
Ukit 1 74 300 
Penan 1 24 104 
Total 15 2, 141 9, 428 
 
Table 7.2: Number of population resettlement 9 (population census of the affected 
communities 1995, p1) 
 
 
The key development components of the Resettlement Programme consist of:   
• Oil palm plantation development;   
• Establishment of new settlements / longhouses;   
• Establishment of a service centre / Bakun townships with modern social 
facilities and amenities like schools, a hospital, Government and commercial 
establishment;   
• Development of infrastructure and utilities such as road, and electricity and 
water supply;   
• Promotion of agricultural activities such as paddy field, fruit cultivation, poultry 
farming and fisheries; and   
• Development of tourism and cottage industries.  
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Figure 7.14: Oil palm development, a key component of the resettlement programme 
 
 
 
 
Figure 7.15: Ekran Berhad built housing area for its oil palm estate workers 
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Resettlement Programme has taken into consideration the social-cultural and the long-
term well being of the affected communities. Among others, it has incorporated the 
need for the population to live in a somewhat similar environment to meet their basic 
traditional and cultural needs. At the same time, this programme will improve their 
quality of life through the provision of modern social facilities and amenities, 
infrastructure, utilities and a service township. This programme will not only restore 
and improve their standard of living but will also create new economically viable 
activities.   
 
In my opinion, implementation of the Bakun HEP, the affected communities will have 
the opportunity to be brought into the mainstream of development and also enjoy 
modern living. They will be assured of a much better livelihood, both socially and 
economically.   
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7.7 Bakun Dam Development and History, 1960-2007 
 
The following are record Bakun Dam initial planning, EIA involved, government 
approved, contract distribution, design and construction. 
• 1960s - Initial survey in early of 1960s 
• 1980s - more studies in early of 1980s  
• 1986 - The first is approved by government. 
• 1990 – Shelved and abandoned because of environmental reasons. 
• 1993 –The project is revived in September 
• 1994 – In January 1994, contract awarded to Ekran Berhad  
• 1995 – Ekran completes EIA of project in February-April 
• 1995 - EIA approved in March-May 
• 1995 - Ekran begins clearing reservoir area in April 
• 1995 - International Rivers Network condemns EIA in June 
• 1995 - NGOs hold forum on Bakun in December. 
• 1996 - Judge rules that Ekran failed to follow EIA regulations in June. 
• 1996 - Ekran obtains interim appeal of ruling in July 
• 1997 - Construction of dam be begin on October.  
• 1997 – In September 4, Asian financial crisis, the project force to postpone  
      indefinitely. 
• 1999 – In November, Tenaga Nasional Berhad and Sarawak Electricity Supply  
      Corporation (Sesco) was try revived the project, but not successful. 
• 2001 – Ekran was completed 12m high and 1.4km long tunnels. 
• 2003 – Project revived and expect was completed on September 2007. 
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7.7.1 Initial Planning, 1960-1981 
 
The hydro potential of Bakun was first surveyed in the early 1960s, by the Snowy 
Mountains Hydro-Electric Authority of Australia, under the Colombo Plan aid program. 
In 1977 a more detailed study by Sesco (Sarawak Electricity Supply Corporation), 
identified numerous potential hydroelectric sites, including Bakun. The Master plan 
Study for Power System Development in 1981 estimated that Sarawak's technically 
utilizable potential was about 87,000 GWh per annum, equivalent to an installed 
capacity of 20,000 MW at a 50% plant factor. Most of the preferred sites were located 
in the Upper Rajang River watershed. The engineering and economic aspects of the 
larger proposed projects, as well as the necessary transmission lines, were subsequently 
studied, focusing on the Pelagus and Bakun projects on the Rajang River. 
 
 
7.7.2 Bakun master plan studies, 1981  
 
The Bakun HEP site proposed on the Balui River, Sarawak, as shown in figure 7.12. 
First identified and studied as part of the 1981 "Master Plan for the Power System 
Development of Sarawak", the third of a series of studies following those carried out in 
1962/63 and 1977/79. This comprehensive study identified more than 150 potential 
projects, of which the largest was Bakun. Further, a multistage screening of technical, 
economic and other relevant merits of the identified power projects was performed 
leading to the selection of the Bakun project as the best hydroelectric project in terms of 
its hydrological efficiency (MTC 2004, p.1). 
 
Following the initial project screening, the Government directed that further 
investigations be based on a maximum power demand scenario involving High Voltage 
Direct Current (HVDC) bulk transmission to Peninsula Malaysia. The Bakun HEP, 
along with ten other projects, was subsequently selected for more detailed investigations 
reaching a pre-feasibility level (MTC 2004, p.1). 
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Geological and topographical assessments led to the conclusion that the Bakun site 
would allow a dam of about 200 metres high, for which only a rockfill or arch dam 
would be suitable. Pending further geological investigations, the study concluded that a 
206-metre-high concrete arch dam would be cheaper than the rockfill dam alternative 
for the narrow, V-shaped valley at the Bakun dam site.  
 
 
7.7.3 Project feasibility report, 1983 
 
The overall feasibility study initiated by SESCo and carried out by a consortium of 
German consultants, commenced in October 1981. Three types of dams were 
considered anew to determine the optimal height of the dam, either a rockfill dam, a 
concrete gravity dam, and a concrete arch dam. The concrete arch dam was selected for 
the detailed feasibility design studies based on (1) feasibility-level layouts and cost 
estimates prepared for each dam type alternative, and (2) the length of time to complete 
each alternative. 
 
The significant features, resulting from the detailed feasibility studies of the general 
layout and major components of the project, are highlighted below (MTC 2004, p.1):  
• A 204-metre high concrete arch dam with a crest length of about 1,100 metres 
and a total concrete volume of 3.9 million cubic metres (mcm). Four bottom 
outlets with a combined outflow capacity of 6,700 cubic metres per second 
(cumecs) were incorporated in the middle section of the arch dam, controlled by 
four radial gates;  
• An underground powerhouse with eight 300-MW Francis units, giving a total 
generating capacity of 2,400 MW. The main transformers and the switchgear 
were housed in a separate cavern situated downstream of the powerhouse 
cavern;  
• An inlet bay in front of the intake structure consisting of eight steel-lined 
pressure shafts and an outlet bay downstream comprising eight tailrace tunnels;  
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• A concrete chute spillway with six radial gates situated at the left abutment. The 
spillway would have capacity of 17,040 cumecs; and  
A river diversion scheme comprising upstream and downstream cofferdams and two 
concrete-lined diversion tunnels located at the left abutment. The two tunnels have a 
combined discharge capacity of 5,175 cumecs.  
 
 
7.7.4 Project feasibility report, 1985  
 
During the design development under the Panel's review, additional geological 
exploration showed the site to be less favourable for an arch dam than earlier 
explorations had indicated. The Panel preferred an earth core rockfill dam (ECRD), 
provided suitable core material within economic haulage distance of the dam site could 
be found. Otherwise, the Panel suggested the adoption of a CFRD (MTC 2004, p.2). 
 
In view of the geological conditions, the revised layout incorporated both the power 
facilities (including a surface powerhouse) and the spillway on the left bank.  
 
Diversion capacity was raised to allow for a 1-in-500-year flood. The design at this 
point incorporated three 12-metre-diameter concrete lined diversion tunnels with the 
main cofferdam (which forms part of the upstream rockfill zone of the main dam) some 
85 metres in height 
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Figure 7.16: 1986 tender designs. Bakun rockfill dam with inclined earth core (Kutzner 
1997, p.124) 
 
 
7.7.5 Project Conceptualization using CFRD instead of ECRD, 1991-1994  
 
Except for the undertaking of an Environmental Impact Assessment (EIA) in 1989, the 
project was essentially dormant until 1990, when a revised cost estimate was prepared. 
This was followed in 1991 by a proposal from a private sector consortium to build, own 
and operate the Bakun project. This proposal included a number of recommendations to 
accelerate the implementation and lower costs, among which the principal one was that 
the dam be a CFRD instead of an ECRD (MTC 2004, p.3). 
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SESCo employed the same panel of experts to review this proposal in September 1991. 
Although the Panel concluded that the CFRD was as good as the ECRD, the technology 
for the latter was "well proven" for a 210 metre-high dam. At the same time, the Panel 
reiterated its stand that an ECRD had always been contingent upon the availability of 
suitable core material and that the possibility of a CFRD was not technically ruled out 
(MTC 2004, p.3). 
 
 
7.7.6 Ekran Berhad Proposal, 1994 
 
In April 1994, Ekran Berhad submitted to the Government a conceptual proposal to 
implement the Bakun HEP on a privatized basis. The Government responded with an 
invitation for a detailed proposal from Ekran Berhad to develop and operate the project 
and its associated facilities. The proposal was submitted to the Economic Planning Unit 
(EPU) of the Prime Minister's Department in November 1994.  
 
The selection on the type of dam to be constructed at the Bakun site was subjected to 
extensive study in the proposal because the dam type is of paramount importance to the 
cost of the project and the completion schedule. Another consideration was that 
although a CFRD at Bakun may still be the highest of its type in the world, in the period 
since 1987, many such dams approaching the height of the Bakun dam have been 
completed.  
The study focused on a comparison between a slightly modified ECRD and a CFRD, 
finally supporting the choice of a CFRD. Further modifications were made to the rest of 
the project design presented in the earlier bid documents mainly to reduce construction 
costs and/or the construction period.  
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7.7.7 Construction planning 1993-1996 
 
The following are summary of project technical features up to 1997 (MTC 2004, p.1): 
a) Dam location: On Balui River about 37km 
upstream of Belaga Town, Sarawak 
 
b) Catchments area:  14 750km2 
 
c) Flood 
    Probable maximum flood discharge:  51 9000m3/s 
    Observed maximum flood at Bakun Dam site: 8 700m3/s 
 
d) Reservoir 
    Maximum water level at PMF:  EL 232.8m asl 
    Maximum operation water level:  EL 228m asl 
    Minimum operation water level:  EL 195m asl 
    Storage at EL 228m asl:  43.8 x 109m3
    Storage at EL 195m asl:  24.6 x 109m3
    Surface area at EL 228m asl:  695km2
 
e) Main dam (including integrated cofferdam)  
    Type:   CFRD 
    Crest level:  EL 235m asl 
    Up and downstream slopes  IV: 1.4H 
    Height above foundation:  205m 
    Crest length  740m 
    Width of crest     12m 
    Maximum width at base:    560m 
    Volume:      15.6 x 106m3
f) Diversion works 
    Tunnel number:     3 
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    Type:      Concrete lined 
    Diameter:      12m 
    Length:      1 400m (approx) 
    Diversion design flood:    17 000m3/s 
    Total discharge capacity:    6 800m3/s  
 
g) Upstream cofferdam (Auxiliary):   Random fills embankment with 
       sealing blanket 
    Crest level:      EL 96.0m asl 
 
h) Downstream cofferdam 
    Crest level:      EL 64.5m asl 
 
I) Spillway 
    Type:      Gated, ogee-crested chute 
    Crest width (net):     60m 
    Chute width:     50m 
    Chute length:     610m 
    Design capacity at max. Operation level:  10 250m3/s 
    Capacity at PMF:     15 000m3/s 
 
j) Power conduit intake structure 
   Type: Bell-mouth shaped reinforced 
concrete structure with flow 
training wall 
    Service closure device:    8, roller gate, 7.5m highx5.8m wide 
    Maintenance closure device:   Portal stoplogs 
k) Pressure conduits 
    Number and types:     8, concrete-lined, steel lined 
    Diameters:      8.50, 7.0m 
    Average length:     690m 
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l) Powerhouse machine hall 
    Length:      325m 
    Width:      37m 
    Height:      62m 
 
m) Transformer bay and switchyard   
     Length:      220m 
    Width:      11m 
     Height:      40m 
 
n) Power generating units 
    Number of units:     8 
 
o) Turbine 
    Type:      Francis, vertical shaft   
    Rated output:     315 MW 
    Rated head (gross):     175m 
    Rated discharge:     208m3/s 
 
p) Speed generator 
    Type: 3-phase, synchronous, vertical 
shaft, air cooled  
    Rated output:     360MVA 
    Power factor:     0.85 
q) Transformer type:     Single-phase, oil immersed 
 
r) Cooling type:     360MVA, 18/275kv 
 
s) Rating swithchgear type:    Indoor, SF6 
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t) Bakun-Tanjung Parih HVDC overhead lines 
    Type:      High voltage direct 
    Distance:      665km 
    Operating voltage:     500kv 
    Circuit type:     Bipolar 
 
u) HVD overhead lines 
    Total line length:     1 330km 
    Total conductor weight (aluminum):  45 000 tonnes 
    Total no. of insulator (cap & Pin type):  320 000 
    Total no. of towers:     3 700 
    Total weight of towers:    40 000tonnes 
 
v) Tanjung Parih-Tanjung Tenggara submarime cables (obsolete) 
    Type:      High voltage direct 
    No. of cables:     3 or 4 
    Length of each cable    670km 
    Diameter of each cable:    133mm 
    Total length installed:    2 680km 
    Total weight:     145 000 tonnes  
    Voltage:      400 (500)kv 
    Circuit type:     Monopolar 
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w) Converter stations 
     No. of stations:     2, one each at Bakun and Tanjung     
       Tenggara 
     Transformer Type:     2-windin, 1-phase 
        3 winding, 1 phase 
     2-winding, 1-phase, no. of units:   24 
     Weight of each unit:    170 tonnes 
     3-winding, 1-phase, no. of units   12 
     Weight of each unit    270 tonnes 
 
 
Figure 7.17: Bakun 1996 reinforced concrete joint design layout (Kutzner 1997, p.191) 
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7.7.8 Bakun Dam suspended on 1997 
 
Bakun Dam originally was estimated at US $5.2 billion. It was suspended at the height 
of the Asian economic crisis in 1997. In unofficial estimates, if the project were revived 
in full, it would cost a third more than its original price tag. 
 
In October 1997, Prime Minister Mahathir Mohamad was decided that Bakun Dam will 
be revived as full-scale or shrinkage is depend on growing demand for electricity in 
Malaysia. However, most of the growth in demand for electricity is not in Sabah and 
Sarawak in East Malaysis where the dam is located, but in the peninsular. 
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7.8 Bakun Dam Project Progress, 2003-Continue 
 
The following will notes down all of the Bakun Dam project progress during 2003 to 
present.  
 
 
7.8.1 Preliminary work 
 
Preliminary works for a dam project included infrastructure, available to transport 
heavy civil equipment to project site and the establishment of the staff and a trained 
work force in Sarawak and Peninsula Malaysia. 
 
Heavy civil equipment usually is excess of 80 tonne. It would need to be transported up 
to the site, and the local bridges were not capable of safely sustaining a live load above 
10 tonne. So most of the bridge along Main City to the site have to upgraded or 
reconstruct. 
 
  
Figure 7.18: Bakun house official and visitors 
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Figure 7.19: New access roads 
 
 
 
Figure 7.20: Temporary bridge construction 
    
 
 
Figure 7.21: New bridge construction 
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Figure 7.22: Bakun Dam site surrounding 
 
 
 
Figure 7.23: Bakun Dam new access road 
 
 
Figure 7.24: Bakun Dam sites location (right hand side is upstream and left-hand side is 
downstream) 
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7.8.2 River Diversion 
 
Global Upline private limited completed the civil works package (CW1), which 
includes the upstream cofferdam, and prior to that, Ekran built the river diversion 
tunnels. Figure 7.23 shown that 3-river diversion tunnels which was completed on 2001. 
It was a 12m diameter and 1.4km long tunnels.  
 
 
 
Figure 7.25: Bakun Dam preliminary conceptual layout (Oriental Daily News, 28 Apr. 
2004, p.B12) 
 
 
Figure 7.26: Bakun Dam river diversion 
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Figure 7.27: 3 number of 12m diameter tunnels with 1.4km length (The Star News, 3 
May 2003, p.17) 
 
 
 
Figure 7.28: Silty brown flows downstream from Bakun Dam construction sites 
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7.8.3 Main Dam construction 
 
 
Malaysia-China Hydro Joint Venture (MCHJV) was gaining the Bakun dam’ s main 
contract. SIME Engineering private limited, Malaysia comprising six companies gain a 
US$0.48 billion contract to design, procure and construct the main dam. The contract 
covers the main civil work package (CW2) and is basically for the supply of materials 
and construction of the main dam, spillway, intake, penstocks, bottom outlet works, 
powerhouse, hydraulic gates, stoplogs, cranes and associated electrical and mechanical 
installations (The Star News, 3 May 2003, p.17). 
 
The most valuable contract, however, is the construction of the main dam said to be 
worth an estimated US$1.05 billion. WCT and MTD are one of the 6 company has 
already secured a US$10 million contract from MCHJV for the sub-contract 
construction works and soil removal at the main dam (The Star News, 3 May 2003, 
p.17). 
 
 
 
Figure 7.29: Bakun Dam body under construction (rockfill) 
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Figure 7.30: Bakun Dam body under construction (earth removal) 
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7.9 Companies Involved 
 
During 1993 to 1996, EKRAN from Sarawak, Malaysia and ABB from Sweden were 
in-charge the Bakun Dam overall project. Asia economic crisis on 1997, EKRAN and 
ABB facing financial problem and force to postponed the project indefinitely. 
 
In 1999, Government was take over Bakun Dam project and compensation for the 
previous private companies who were in-charge Bakun Dam project during 1993 to 
1996.  
 
Bakun Dam project was revived on 2003 and expects was completed on September 
2007. The new public advertisement tenders are offer to all domestic and oversea 
companies. Four competitive companies were interested to gain the Bakun Dam project. 
The companies were included: 
1) CMSB & GAMUDA (M’sia company) + AL-STOM (Korea company) 
2) MTD, WCT, ZRB, EDWAR & SONS (M’sia company) + CNWHEC (China 
company) 
3) ROADBLD, LOH & LOH (M’sia company) + DAELIM (Korea company) 
4) GLOBAL UPLINE + PHILIP HOLZMANN (German company) 
 
Finally, MCHJV was successful winner of the Bakun Dam’s main contract on Setember 
2002. The part was signed between MCHJV and Malaysia Government-owned Bakun 
developer Sarawak Hydro Private Limited on March 2003. Figure 7.28 was shown that 
Malaysia-China Hydro Joint venture (MCHJV) Organization chart.  
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Figure 7.31: Malaysia-China Hydro Joint Organization chart (The Star News, 3 May 
2003, p.17) 
 
MCH JV   = Malaysia-China Hydro Joint Venture 
CNWHEC = China National Water Resource and Hydropower Engineering  
    Cop 
SIMEJV  = Sime Darby Limited (Via subsidiary Sime Engineering Private  
      Limited) 
SIME ENG  = Sime Engineering 
EDWARD & SONS = Sarawak Company Private Limited 
WMAI   = WCT, MTD, AZRB and SIISB 
WTC   = WTC Engineering Limited 
MTD   = MTD Capital Limited 
AZR B   = Ahmad Zaki Resources Limited 
SII SB   = Syarikat Ismail Ibrahim Private Limited 
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7.10 Fund and Financial Control 
 
During 1993 to 1996, EKRAN from Sarawak, Malaysia and ABB from Sweden were 
in-charge the Bakun Dam overall project, mean both companies were develop their own 
capital to design and build Bakun Dam project. Asia economic crisis on 1997, both 
companies were facing financial problem, finally they are forced to postpone 
indefinitely.  
 
During 1997 to 1999, Tenaga Nasional limited, the national utility company was the 
lead manager of the project until it was taken over by Malaysia Finance Ministry. In 
1999, Government was take over Bakun Dam project and compensation for the 
previous involved companies 1993 to 1996.  
 
MCHJV was successful winner of the Bakun Dam’s main contract on Setember 2002. 
However MCHJV in-charge the overall project, Malaysia Federal Government has the 
major power and financial control for Bakun Dam project progress and future direction.  
 
In 2003, Malaysia’s GIIG Capital, controlled by tycoon Syed Mokhtar Albukhary who 
plan to take control of the huge Bakun hydroelectric dam project. GIIG director Shahrir 
Shariff is state that its proposed acquisition of a 60% stake in Sarawak Hydro, the 
operator of the 2,400 megawatt Bakun schemes in Sarawak State. They were planned 
investment of US$249 million, representing 60% of funding for the Bakun project. 
GIIG will be operating an aluminum smelter in Sarawak, which is wholly dependent on 
Bakun for power. By initial estimation, it was required one third of total Bakun 
hydropower. In August 2003, agreement had lapsed because of GIIG failed to fulfill 
certain conditions by an October 15 deadline. 
 
Malaysia Government was having second thoughts about selling Sarawak Hidro to 
other parties. The companies who had submitted new project proposals to Malaysia 
Government are included joint venture between Malaysia Resources Corp. and 
Sweden’s Asea Brown Boveri. 
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7.11 Bakun Dam Progress Summaries 
 
The following are summary of Bakun Dam project progress, they are included 
technique part, financial, political, environmental and news from mass media. 
 
1) Bakun project construction periods are in between 1993 to 1996 and 2003 to 
September 2007. 
 
2) Asia economic crisis in 1997, Bakun project was forced to shrinkage. The initial 
cost is US$3.95 billion and US$2.37 billion after shrinkage on 2003, which 100% 
under Malaysia Government control. 
 
3) In recently, Bakun project is design and build by Malaysia-China Hydro Joint 
Venture Organization. Malaysia companies holding 70% share of the project and 
China holding 30% share of the project. 
 
4) About 4,500 people employed in peak construction period. 
 
5) Penalty of US$0.26 million for every single day delay. 
 
6) Bakun Dam is world 2nd highest CFRD and 3rd largest Dam in the world. 
 
7) The physical attributes of the dam however still remain the same. The dimensions 
are 205 meters high, with a volume of 15.6 million cubic meters, a reservoir area 
covering 695 sq. km and a catchment area spanning 14, 750 sq. km. Capacity will 
remain but it will instead be used to serve only East Malaysia. 
 
8) Bakun Dam was design earthquake up to magnitude 6.5. 
 
9) The dam will have a capacity of 2,400MW of electricity for East Malaysia alone, 
which will comprise four turbines of 300MW in the first phase. 
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10) An undersea sub-marine cable was obsolete, this 670km long transmission cables 
will cost US$1.84 billion. Mean after the obsolete sub-marine cable, the project will 
save up to 47% of the overall cost. 
 
11) Forcible relocation of 8,000 peoples which Malaysia Government was provided 
them new housing area and development of oil plantation to make sure everyone 
have a job. 
 
12) Sarawak state loss 69, 640 heatares of agricultural and influenced more than 
hundred types of bird and fish species.   
 
13) Bakun main dam body was completed 4% at recently step. 
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CHAPTER 8: 
 CONCLUSION 
 
 
 
Many of the early dams in the world were made of concrete. This is because the large 
earth moving equipment was not developed at that time and the technology of rock and 
rock-fill embankments was not properly understood. 
 
This project had successfully to shown that a comprehensive study on the CFRD has 
been carried out. The largest CFRD project in Malaysia is reviewed in this project. 
 
As a conclusion, this project has shown that CFRD has more advantages than concrete 
dam. This project indicates that CFRD:  
• Causes less environmental impact base of CFRD easy to get a construction site 
because they are not required extremity good foundation condition. Therefore, dam 
builders can choice a narrow river to build up the dam. CFRD are more flexible and 
economical to meet the size of reservoir and hydropower required, better 
geophysical and environmental control. 
• Better earthquake stability because of CFRD do not demand special conditions of 
abutment stability or of valley size, vice versa concrete dam does. 
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For safety reason, CFRD dam are characteristics of good permeability and the slope 
required for their stability, even if the leakage become large, the dam would not easy 
collapse. CFRD has a broad base and imposes lower stresses on the ground compare to 
concrete dams for similar in height. Their fill is plastic and can accommodate 
deformations, such as settlement. CFRD structures are considered safer compare with 
concrete dam, especially in seismic area. 
 
Upon above investigation, CFRD highly recommended for developing and third world 
countries because of cheaper manpower and easier construction method. 
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investigate the principle of the dams from starting 
planning until the dam’s project completed. 
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1. Research and investigate how important of dams to a nation developing 
 
2. Research the history and potential of concrete faced rockfill dams. 
 
3. Research the principle of geological, design and construction of concrete faced 
rockfill dams. 
 
4. Investigate the principle of instrumentation and equipment selected. 
 
5. The behavior of concrete faced rockfill dams. 
 
As time permit: 
 
6. Research the environmental impact assessment for dams. 
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B.1 METHODOLOGIES 
 
 
Before a project was started, we have to know the project due date, method and 
technique involve, research dimension and final result expected. This research project 
required a lot of Internet searching, supervisor and advisor comment. 
 
The following are stages to start a new project: 
1) Research and investigation. 
2) Project proposal and outline. 
3) Information collection from Internet and other University library. 
4) Date collection, treatment of the data and summary. 
5) Selection of local supervisor and advisor. 
6) Project dimension, total 8 chapters. 
7) Prepare a preliminary table content. 
8) An overall project time schedule. 
9) How to start first chapter. Research is never end, We are faced an ocean of materials 
in our head. We are roughly read all of the research materials obtained in the 
moment, so changes may be expected as our thinking develops. 
10) Chapter 7 is a case study. This chapter may required site visit that depend on the 
time and financial allowable. 
11) Companies visit and interview. 
12) 100% follow project time schedule, time delay is allowable for examination period 
and external factors. 
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B.2 SAFETY ISSUE 
 
 
There will always be some risks that involved with all engineering projects no matter 
how big or small the project.  For final chapter which may involve site visit and the 
risks are: 
 
 
Risk Identification 
 
Site visit is dangerous because many heavy machinery and plant equipment such as 
trucks, cranes and excavators are accessing construction site. For a high dam 
construction, there is a very high possibility of hard objects falling from upper level.  
There is also the possibility of sharp objects being left on ground surface. This can be 
very dangerous to the visitor if the safety rules are not followed.   
 
 
Risk Evaluations and Control  
 
To minimize the risk, 100% follow the site safety supervisor instruction and regulation. 
During site visiting, visitors have to wear the safety helmet and shoes, ears pad and 
goggles; enclosed shoes and jeans are advice. 
 
 
Property Damage  
 
Keep the entire expensive thing such as watch, wallet and jewelry in the locker. 
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B.3 CONSEQUENTIAL EFFECT 
 
 
Every engineering and surveying technical report will have outcome either positive or 
negative impacts. The outcomes of this project are: 
1) Personal understands for the overall design and build of a concrete faced rockfill 
dam. 
2) Introduce the potential of rockfill dam to the public. The more people were know 
about the advantage of rockfill dam, the more people will do the research and 
development. 
3)  Rockfill dams are achieves it stability, so the dam can be build by better 
geophysical and environmental control. 
4) Rockfill dams are required simple site preparation, rocks are quarrying from 
surrounding and no curing and setting time required such as a concrete dam. 
Therefore, construction projects will be able to be completed at a faster rate. 
5) Dam construction is a big project; it was involve international law, global climate 
change and effect the stability of geophysical.  
6) Dam is a major project will cost millions of dollars, if the design engineer gets it 
right, then as a result the design life up to 100 years or more. If the designer gets it 
wrong, then money invested in the project will be wasted. 
7) Structural engineer play a critical part in contributing to the development of a “built 
environment” which will serve the interests of individuals and asset to the 
community. 
8) Dam is a billion dollars of project, how to properly do the construction until the 
project is completed? This is the main objective for our research project. 
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B.4 RESOURCE ANALYSIS 
 
 
This is a research project and no special equipment or facilities are requirement. 
General equipment and materials are show as following: 
1) A computer and colour printer to do all documentation, graphical, printing and 
prepare for presentation. 
2) AutoCAD software to do graphical and drawing. 
3) Microsoft Project software to monitor project progress. 
4) Internet is most important for information searching. 
5) A digital camera to take picture for site visit in chapter 7. 
6) Own transport for travel to University library. 
 
Information and study materials are obtained form difference source. 
1) USQ supervisor 
2) Associate supervisor  
3) USQ and local Library. 
4) Internet and newspaper. 
5) Local advisor. 
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B.5 TIMELINES 
 
Research Project Time Schedule 
   
Month Week Time Schedule Important Date 
March 1  
 2  
 3 Project Research and Investigation 
 4  
April 1  
 2 Table Contents (will be made change upon to progress) 
 3 Chapter 1 – Introduction 
 4 Chapter 2 – Literature Review 
May 1  
 2 Chapter 3 – Site Investigation 
 3  
 4  
June 1  
 2 Chapter 4 – Principle of Design 
 3  
 4  Examination (23~30/6/04) 
July 1 1 week project delay available 
 2 Chapter 5 – Dam Construction * Semester Break 
 3 Chapter 6 – Structural Behavior 
 4  
August 1 Chapter 7 – Case Study in Malaysia 
 2  
 3 Chapter 8 – Conclusion / Others 
 4 1 week project delay available 
September 1 Prepare for Presentation 
 2  
 3 Presentation-Finalization / Personal Practice 
 4 Presentation-Actual  Residential School  
October 1  (20~1/10/04) 
 2 Project Finalization and Assembly 
 3  
 4  Project Due Date (28/10/04)
November 1  
 2  * Examination       
 3     
   
* Approximate Date 
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